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LETTER OF TRANSMITTAL 



Wab Department, 
Washington^ August 11, 191S. 

The Speaker of the House of Eepresentatiyes. 

Sir: I have the honor to transmit herewith a letter from the Acting 
Chief of Ordnance, United States Army, dated 9th iostant, submitting, 
for transmission to Co^ress, as required by law, the report of the 
commanding officer of Watertown Arsenal of "Tests of iron and steel 
and^ other materials for industrial purposes," made at that arsenal 
during the fiscal year ended June 30, 1913. 
Very respectfully, 

Henry Breckinridge, 
Acting Secretary of War. 
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LETTER OF SUBMITTAL. 



Wab Dbpabtmbnt, 
OinoB OP THE Chief of Ordnance, 

Washington, August 9, 191S. 
From: The Ordnance Office. 
To r The Secretary of War. 
Subject: Annual report, tests of iron, steel, etc., 1913. 

I submit herewith, for transmission to Congress, as required bv law, 
the report of the conmianding officer of Watertown Arsenal, of ^'^Tests 
of iron and steel and other materials for industrial purposes, '^ made 
at that arsenal during the fiscal year ended June 30, 1913. 

Jno. T. Thompson, 
Lieutenant Colonel, Ordnance Department, 

Acting Chief of Ordnance. 

Watertown Arsenal, 
Waiertown, Mass., July 26, 1913. 
From: Conmianding Officer. 

To : The Chief of Ordance, United States Army, Washington, D. C. 
Subject: Annual report of tests of metals, etc., for year ending 
June 30, 1913. 

The annual report of tests of iron, steel, and other materials made 
at this arsenal during the fiscal year ending June 30, 1913, is sub- 
mitted herewith. 

The total number of specimens tested during the year was 3,068, 
classified as foUows: 

Gun specimens 29 

For Ordance Department 2, 281 

For other Government departments 56 

Tests for private parties 702 

Total 3,068 

The receipts and expenditures were as follows: 

Amount allotted for testing machine and testing work $14, 950. 00 

Received from private parties 819. 62 

Total received 15, 769. 62 

Amount expended for services and labor 10, 983. 05 

Amount expended for light, power, tools, implements, and material for 
test 4,786.57 

Total expended 15,769.62 

•The equipment of the laboratory has been increased by the pur- 
chase of the following apparatus: 

One Leeds & Nortnrup thermocouple potentiometer, together with 
galvanometer. 
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6 LETTEB OP SUBMITTAL. 

One portable resistance measuring outfit. 

Three additional eyepieces f or Leitz metallographic microscope so 
that magnifications up to 1,100 diameters can now be taken. 

One HoskiDs electric muffle furnace. 

One Fteas constant temperature electric drying oven. 

One 8 by 10 inch copying and enlarging camera. 

One Meker gas muffle furnace. 

One Meker compressed-air crucible furnace. ^ 

One Ainsworth analjrtical balance with multiple rider system. 

The tests to determine the relative wearing qualities of bronzes, 
referred to in the last report, have been contmued during the year, 
and a machine is being designed to secure a more severe t^t on gears 
than was obtained in the flrat test. 

Tests of model breech bushings to determine the relative efficiency 
of cylindrical and conical bushings, and also to determine the relative 
efficiency of square and V thread have been made. 

An investigation of the microstructure of gun foldings now being 
purchased by the department has been started with the view of 
securing information on which, as foimd necessary, changes in the 
specifications may be based. 

Many examinations of the microstructure of metals have been 
made, principally of steels, and several reports of such examinations 
by Dr. Henry Fay are included in this report. 

C. B. Wheeleb, 
Lieutenant Colonel, Ordnance Department. 

Note. — In addition to the receipts and expenditures referred to in the foregoing 
statement, Bock Island Arsenal was allotted for testing machine and testing work 
140.92, and received from private parties 111, making a total of 151.92. This amount 
was expended for services and labor. 
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BREECHBLOCKS FOR 4.7-INCH HOWITZER, 

MODEL 1912. 



11 



BBBECHBLOCK8 FOE 4.7-INOH HOWITZBB. 



Marks, 1202 F-3. 
Dutmeter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged lei^th, 2 in. 
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Elongation after fracture, 0.45 in. in 2 in. -< 22.5 per cent. 

Elongation of inch sections, 0.11 in., 0.34* in. 

Diameter at fracture, 0.3S in. 

Sectional area, 0.096 sq. in. 

Contraction of area, 61.9 per cent. 

Position of fracture, 1 in. from the neck. 

Appearance of fracture, fine silky. 



BBEECHBLOCKS FOB 4.7-INOH HOWITZEB. 



13 



Marks, 1201 F-3. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



loi&per 

aqaare 

inch. 


In gaaged length. 


Per Inch. 


Remarks. 

1 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Socoessfve 
elongation. 


U. 
1,000 
5,000 
30,000 
50,000 
56,000 
60,000 
65,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
81,000 
82,000 
83,000 
119,500 


In, 

0. 

0. 

.0014 
.0028 
.0032 
.0035 
.0038 
.0043 
.0043 
.0044 
.0044 
.0045 
.0046 
.0048 
.0060 
.0052 
.0055 
.0060 
.0079 
.0102 
.0117 


In. 

0. 

0. 


In. 

0. 

0. 

.00070 
.00140 
.00160 
.00175 
.00190 
.00215 
.00215 
.00220 
.00220 
.00225 
.00230 
.00240 
.00250 
.00260 
.00275 
.00300 
.00395 
.00510 
.00586 


In, 

0. 

0. 
.00070 
.00070 
.00020 
.00015 
.00015 
.00025 
.00000 
.00005 
.00000 
.00005 
.00005 
.00010 
.00010 
.00010 
.00015 
.00025 
.00095 
.00115 
.00075 


Tnitlalload. 

30,000 to eOfiOO lb. per sq. in. 
Modulus of ela8ttefty->28,930,000 lb. 
persq. in. 

Elastic limit. 
Tensile strength. 


0. 








- 





































Elongation after fracture, 0.37 in. in 2 in. = 18.5 per cent, 
Elongation of inch sections^ 0.08 in., 0.29 in. 
Diameter at fracture, 0.36 in. 
Sectional area. 0.102 sq. in. 
Contraction oi area, 49.1 per cent. 
Position of fracture, 0.70 in. from the neck. 
Appearance of fracture, finct silky. 
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BREECHBLOCKS FOB 4.7-INCH HOWITZEB. 



Marks, 1196 F-2. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads par 

sqaare 

inch. 


In gaagMl kngth. 


PeriiMh. 


. Remarks. 


Elonga- 
tioii. 


Set. 


Eloiig»> 
tlan. 


SnOOlMBtTO 




Lb. 

1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
65,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
81,000 
82,000 
83,000 
117,000 


In. 

0. 
.0002 
.0016 
.0029 
.0033 
.0037 
.0040 
.0044 
.0045 
.0046 
.0047 
.0048 
.0049 
.0050 
.0052 
.0054 
.0057 
.0066 
.0076 
.0091 
.0105 


In. 

0. 

0. 


In. 
0. 

.00010 
.00080 

.00145 
.00165 
.00185 
.00200 
.00220 
.00225 
.00230 
.00235 
.00240 
.00245 
.00250 
.(XKMO 
.002/0 
.<00285 
.00330 
.00380 
.00455 
.00525 


In. 
0. 

.00010 
.00070 
.00065 
.00620 
.00020 
.00015 
.00020 
.00005 
.00006 
.00005 
.(NNM)5 
.00005 
.00005 
.00010 
.00010 
.00015 
.00045 
.00050 
.00075 
.00070 


Initial load. 

30/)00to60JD001b. peraq. in. 
Moduliu of elaaaSt7-SB,980,000 lb. 
persq. in. 

Elastic limit 
Tensile stnngtli. 


0. 













































Elongation aiter fracture, 0.39 in. in 2 in. « 19.5 per cent. 
Elongation of inch sections^ 0.11 in., 0.28* in. 
Diameter at fracture, 0.36 in. 
Sectional area. 0.102 sq. in. 
Contraction oi area, 49.1 per cent. 
Position of fracture, 1.14 in. from the neck. 
Appearance of fracture, fine silky. < 
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Marks, 1188 F-2. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Successive 
elongation. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
65,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
81,000 
82,000 
83,000 
116,500 


In. 

0. 

.0003 
.0019 
.0033 
.0036 
.0040 
.0043 
.0047 
.0048 
.0049 
.0049 
.0050 
.0051 
.0052 
.0054 
.0056 
.0059 
.0065 
.0075 
.0095 
.0108 


In. 

0. 
0. 


In. 

0. 

.00015 
.00095 
.00165 
.00180 
.00200 
.00215 
.00235 
.00240 
.00245 
.00245 
.00250 
.00255 
.00260 
.00270 
.00280 
.00295 
.00325 
.00375 
.00475 
.00540 


In. 
0. 

.08015 
.00080 
.00070 
.00015 
. .00020 
.00015 
.00020 
.00005 
.00005 
.00000 
.00005 
.00005 
.00005 
.00010 
.00010 
.00015 
.00030 
.00050 
.00100 
.00065 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity- 28,930,000 lb. 
per sq. in. 

Elastic limit. 

Tensile strength. 

1 


0. 













































Elongation after fracture, 0.42 in. in 2 in. ==21 per cent. 
Elongation of inch sections, 0.30 in., 0.12 in. 
Diameter at fracture, 0.35 in. 
Sectional area. 0.096 sq. in. 
Contraction oi area, 51.9 per cent. 
Position of fracture, 1.15 m. from the neck. 
Appearance of fracture, fine silky. 
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BfiEEOHBLOOKS FOB 4.7-INOH HOWITZBB. 



Marks, 1187 F-2. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



■ 

Applied 

loads per 

square 

inch. 


In gauged length. 


Perinoh. 


• 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Suooessf^ 
elongation. 


Lb. 

1,000 
5,000 
30,000 
60,000 
55,000 
60,000 
65,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
81,000 
82,000 
117,000 


In. 

0. 

.0001 
.0015 
.0029 
.0033 
.0036 
.0040 
.0043 
.0044 
.0044 
.0045 
.0046 
.0048 
.0049 
.0051 
.0054 
.0058 
.0070 
.0090 
.0104 


In. 

0. 
0. 


In. 
0. 

.00005. 
.00075 
.00145 
.00165 
.00180 
.00200 
.00215 
.00220 
.00220 
.00225 
.00230 
.00240 
.00245 
.00255 
.00270 
.00290 
.00350 
.00450 
.00520 


In. 
0. 

.00005 
.00070 
.00070 
.00020 
.00016 
.00020 
.00016 
.00005 
.00000 
.00005 
.00005 
.00010 
.00005 
.00010 
.00015 
.00020 
.00060 
.00100 
.00070 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of ela8tiSty--aB,930,000 lb. 
I>ersq. in. 

• 

Elastic Hmit. 


-.0001 






































ToDsile strength. 











Elongation after fracture, 0.41 in. in 2 in. « 20.5 per cent. 
Elongation of inch sections, 0.27* in., 0.14 in. 
Diameter at fracture, 0.36 in. 
Sectional area, 0.102 sq. in. 
Contraction of area, 49.1 per cent. 
Position of fracture, 1.12 in. from the neck. 
Appearance of fracture, fine silky. 



BBBECHBLOCKS FOB 4.7-INOH HOWITZEB, 
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Marks, 1180 F-2. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Successive 
elongation. 


U. 

1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
65,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
81,000 
117,000 


In. 
0. 

.0003 
.0017 
.0030 
.0034 
.0037 
.0040 
.0045 
.0045 
.0046 
.0047 
.0048 
.0049 
.0050 
.0052 
.0070 
.0098 
.0111 
.0135 


In. 
0. 
0. 


In. 
0. 
.00015 
.00065 
.00150 
.00170 
.00185 
.00200 
.00225 
.00225 
.00230 
.00235 
.00240 
.00245 
.00250 
.00260 
.00350 
.00490 
.00555 
.00675 


In. 
0. 

.00015 
.00070 
.00065 
.00020 
.00015 
.00015 
.00025 
.00000 
.00005 
.00005 
.00005 
.00005 
.00005 
.00010 
.00090 
.00140 
.00065 
.00120 


Initial load. 

30,000 to 60,000 lb. per eq. in. 
Modulus of elasticity- 30,000,000 lb. 
per sq. in. 

Elastic limit. 
Tensile strength. 


.0001 









































Elongation after fracture, 0.42 in. in 2 in. = 21 per cent. 
Elongation of inch sections^ 0.11 in., 0.31* in. 
Diameter at fracture, 0.36 in 
Sectional area. 0.102 sq. in. 
Contraction oi area, 49.1 per cent. 
Position of fracture, 0.90 in. from the neck. 
Appearance of fracture, fine silky. 

5994<»— H. Doc. 404, 63-2 2 
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BBEECHBLOCKS FOB 4.7-INCH HOWITZEB. 



Marks, 1179 F-2 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



AppUed 

loads per 

square 

Inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


SuooeesivB 
elongation. 


Lb. 
1,000 
6,000 
30,000 
60,000 
56,000 
60,000 
66,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
81,000 
82,000 
117,000 


In. 

0. 

0. 

..0016 
.0029 
.0083 
.0036 
.0040 
.0044 
.0044 
.0046 
.0046 
.0046 
.0047 
.0048 
.0049 
.0051 
.0055 
.0139 
.0151 
.0169 


In. 

0. 

0. 


In. 

0. 

0. 
.00075 
.00146 
.00165 
.00180 
.00200 
.00220 
.00220 
.00225 
.00230 
.00230 
.00235 
.00240 
.00245 
.00255 
.00276 
.00695 
.00755 
.00845 


In. 

0. 

0. 

.00075 
00070 
.00020 
.00016 
.00020 
.00020 
.00000 
.00005 
.00005 
.00000 
.00005 
.00005 
.00005 
.00010 
.00020 
.00420 
.00060 
.00090 


Initial load. 

30,000 to 60.000 lb. per sq. in. 
Modulus of elastiotty - 28,980,000 lb. 
per sq. in. 

Elastic limit. 
Tensile strength. 


0. 














• 





























Elongation after fracture, 0.44 in. in 2 in. = 22 per cent. 
Elongation of inch sections, 0.32* in., 0.12 in. 
Diameter at fracture, 0.34 in. 
Sectional area, 0.091 sq. in. 
Contraction of area, 54.6 per cent. 
Position of fracture, 1.16 in. from the neck. 
Appearance of fracture, fine silky, cup shaped. 
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Marks, 1178 F-2. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Suooessive 
elongation. 


Lb, 

1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
65,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
81,000 
82,000 
113,500 


In, 

0. 

.0001 
.0015 
.0028 
.0030 
.0034 
.0036 
.0041 
.0041 
.0042 
.0043 
.0044 
.0045 
.0047 
.0051 
.0056 
.0066 
.0081 
.0099 
.0119 


In, 

0. 
0. 


In, 
0. 
.00006 

.00075 
.00140 
.00150 
.00170 
.00180 
.00205 
.00205 
.00210 
.00215 
.00220 
.00225 
.00235 
.00255 
.00280 
.00330 
.00405 
.00405 
.00505 


In. 
0. 
.00005 
.00070 
.00065 
.00010 
.00020 
.00010 
.00025 
.00000 
.00005 
.00005 
.00005 
.00005 
.00010 
.00020 
.00025 
.00050 
.00075 
.00090 
.00100 


Initial load. 

30,000 to 60.000 lb. per sq. in. 
Modulus of ela8ticity-31,580,000 lb. 
per sq. in. 

Elastic limit. 

Tensile strength. 


-.0003 






























•... 













Elongation after fracture, 0.42 in. in 2 in. = 21 per cent. 
Elongation of inch sections^ 0.20* in., 0.22* in. 
Diameter at fracture, 0.36 m. 
Sectional area. 0.102 sq. in. 
Contraction oi area, 49.1 per cent. 
Position of fracture, 1.25 m. from the neck. 
Appearance of fracture, fine silky. 
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BREECHBLOCKS FOB 4.1-INCH HOWITZEB. 



Marks, 1177 F-2. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Successive 
elongation. 


Lb. 
1,000 
5,000 
30,000 
50,000 
65,000 
60,000 
65,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
81,000 
82,000 
83,000 
84,000 
85,000 
118,500 


In. 

0. 
.0001 
.0014 
.0027 
.0029 
.0033 
.0036 
.0040 
.0041 
.0042 
.0043 
.0044 
.0044 
.0045 
.0046 
.0048 
.0050 
.0052 
.0056 
.0064 
.0074 
.0089 
.0106 


In. 

0. 

0. 


In. 
0. 
.00005 
.00070 
.00135 
.00146 
.00165 
.00180 
.00200 
.00205 
.00210 
.00215 
.00220 
.00220 
.00225 
.00230 
.00240 
.00250 
.00260 
.00280 
.00320 
.00370 
.00445 
.00530 


In. 
0. 
.00005 
.00065 
.00065 
.00010 
.00000 
.00015 
.00020 
.00005 
.00005 
.00005 
.00005 
.00000 
.00005 
.00005 
.00010 
.00010 
.00010 
.00020 
.00040 
.00050 
.00075 
.00085 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity-31,580/X» lb. 
"pet sq. in. 

Elastic Umit. 
Tensile strength. 


0. 

















































Elongation after fracture, 0.38 in. in 2 in. == 19 per cent. 
Elongation of inch sections^ 0.25* in., 0.13 in. 
Diameter at fracture, 0.37 in. 
Sectional area. 0.108 sq. in. 
Contraction oi area, 46.2 per cent. 
Position of fracture, 1.20 m. from the neck. 
Appearance of fracture, fine silky. 



I 
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Marks, 1199-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loadisper 

square 

inch. 


In gauged length. 


Per infth. 


Remarks. 


Elonga- 
tion. 


Set. 


Elongar 
tlon. 


Suooessive 
elongation. 


Xd. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63; 000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
108,000 


In, 

0. 
.0002 
.0015 
.0027 
.0Q»2 

.mm 

.0036 
.0037 
.0038 
.0039 
.0040 
.0043 
.0047 
.0070 
.0124 
.0146 


In. 

0. 
.0001 


In. 
0. 
.00010 
.00075 
.00135 
.00160 
.00175 
.00180 
.00185 
.00190 
.00195 


In. 
0. 
.00010 
.00066 
.00060 
.00025 
.00015 
.00005 
.00005 
.00005 
.00006 
.00006 
.00015 
.00020 
.00115 
.00270 
.00110 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity-30,000,000 lb. 
per sq. in. 

Elastic limit. 

Tensile strength. 


0. 














.00200 
.00215 
.00235 
.00350 
.00620 
.00730 





















Elongation after fracture, 0.47 in. in 2 in. =23.5 per cent. 
Elongation of inch sections, 0.14 in., 0.33* in. 
Diameter at fracture, 0.33 in. 
Sectional area, 0.086 sq. in. 
Contraction of area, 57.2 per cent. 
Position of fracture, 1.08 m. from the neck. 
Appearance of fracture, fine silky, cup shaped. 
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Marks, 1195-F. 
Diameter, 0.506 in. 
Sectional area, 0.201 sq. in. 
Gauged length, 2 in. 



Applied 

lofMuper 

square 

inch. 


In ganged length. 


Ferinnh. 


Remarks. 


tian. 


Set. 


Elonga- 

tian. 


Suooessive 
ekmiAUon. 


Lb. 
1,000 
5,000 
30,000 
60,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
72,000 
106,000 


In. 

0. 

-.0001 
.0014 
.0028 
.0032 
.0085 
.0036 
.0037 
.0038 
.0039 
.0040 
.0041 
.0042 
.0044 
.0046 
.0054 
.0064 
.0120 


In. 

0. 
.0002 


In. 

0. 

-.00006 
.00070 
.00140 
.00160 
.00175 
.00180 
.00186 
.00190 
.00196 
.00200 
.00206 
.00210 
.00220 
.00230 
.00270 
.00420 
.00600 


In. 

0. 

-.00006 
.00076 
.CNNI70 
.(NNUO 
.00015 
.(NMK)6 
.(NMK)6 
.(NMK)6 
.00006 
.(NNM)6 
.(NMK)6 
.00006 
.00010 
.00010 
.00040 
.00150 
.00180 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elastioity-»,930,000 lb. 
persq. in. 

Elastic limit. 
Tensile strength. 


0. 







































Elongation after fracture, 0.47 in. in 2 in. = 23.5 per cent. 
Elongation of inch sections, 0.23 in., 0.24* in. 
Diameter at fracture, 0.35 in. 
Sectional area. 0.096 sq. in. 
Contraction of area, 51.9 per cent. 
Position of fracture, 1.25 in. from the neck. 
Appearance of fracture, fine silky. 
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Marks, llOO-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Successive 
elongation. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
109,500 


In. 

0. 

.0002 
.0015 
.0029 
.0033 
.0036 
.0037 
.0038 
.0039 
.0040 
.0041 
.0043 
.0046 
.0050 
.0063 
.0134 


In. 

0. 
0. 


In. 
0. 

.00010 
.00075 
.00145 
.00165 
.00180 
.00185 
.00190 
.00195 
.00200 
.00205 
.00215 
.00230 
.00250 
.00315 
.00670 


In. 

0. 
.00010 
.00065 
.00070 
.00020 
.00015 
.00006 
.00005 
.00005 
.00005 
.00005 
.00010 
.00015 
.00020 
.00065 
.00355 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity-»,g30,000 lb. 
per sq. in. 

Elastic limit. 

Tensile strength. 


0. 



































Elongation after fracture, 0.46 in. in 2 in. = 23 per cent. 
Elongation of inch sections^ 0.11 in., 0.35* in. 
Diameter at fracture, 0.33 in. 
Sectional area. 0.086 sq. in. 
Conti action oi area, 57.2 per cent. 
Position of fracture, 0.82 in. from the neck. 
Appearance of fracture, fine silky. 
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Marks, 1196-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

sqaare 

inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Successive 
elongation. 


1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
106,500 


In. 

0. 
.0003 
.0020 
.0034 
.0038 
.0042 
.0043 
.0044 
.0045 
.0046 
.0049 
.0063 
.0123 
.0144 
.0165 
.0184 


In. 

0, 
0. 


In. 
0. 

.00015 
.00100 
.00170 
.00190 
.00210 
.00215 
.00220 
.00225 
.00230 
.00245 
.00315 
.00615 
.00720 
.00825 
.00920 


In. 
0. 

.00015 
.00085 
.00070 
.00020 
.00020 
.00005 
.00005 
.00005 
.00005 
.00015 
.00070 
.00300 
.00105 
.00105 
.00095 


Initial load. 

30,000 to 60.000 lb. per sq. in. 
Modulus of elasticity- 27,270,000 lb. 
per sq. in. 

Elastic limit. 
Tensile strength. 


0. 



































Elongation after fracture, 0.48 in. in 2 in. = 24 per cent. 
Elongation of inch sections^ 0.12 in., 0.36* in. 
Diameter at fracture, 0.32 m. 
Sectional area. 0.080 sq. in. 
Contraction oi area, 59.8 per cent. 
Position of fracture, 0.96 in. from the neck. 
Appearance of fracture, fine silky, cup shaped. 
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Marks, 1184-F. 
Diameter, 0.605 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

inch. 


In gauged length. 


Pel' inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Successive 
elongation. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
107,000 


In. 

0. 
.0002 
.0018 
.0031 
.0035 
.0039 
.0039 
.0040 
.0041 
.0042 
.0043 
.0044 
.0045 
.0060 
.0129 
.0151 
.0171 


In. 

0. 
0. 


In. 

0. 
.00010 
.00090 
.00155 
.00175 
.00195 
.00195 
.00200 
.00205 
.00210 
.00215 
.00220 
.00225 
.00300 
.00645 
.00755 
.00655 


In. 

0. 
.00010 
.00080 
.00065 
.00020 
.00020 
.00000 
.00005 
.00005 
.00005 
.00005 
.00005 
.00005 
.00075 
.00345 
.00120 
.00100 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity- 28,930,000 lb. 
per sq. in. 

Elastic limit. 
Tensile strength. 


0. 



































Elongation after fracture, 0.48 in. in 2 in. == 24 per cent. 
Elongation of inch sections^ 0.12 in., 0.36* in. 
Diameter at fracture, 0.32 in. 
Sectional area. 0.080 sq. in. 
Contraction oi area, 59.8 per cent. 
Position of fracture, 0.90 m. from the neck. 
Appearance of fracture, fine silky. 



26 



BBEECHBLOGKS FOB 4.7-INCH HOWITZEB. 



Marks, 1183-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Ganged length, 2 in. 



Applied 

loads per 

square 

inch. 


In gauged langth. 


Perinoh. 


Bemarks. 


Ekmgap 
tkm. 


Set. 


EkmgaF 
tkm. 


SuoeessiTe 


U. 
• 1,000 
5,000 
30,000 
60,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
71,000 
104,500 


In. 
0. 

.0002 
.0018 
.0030 
.0034 
.0037 
.0037 
.0038 
.0039 
.0040 
.0041 
.0042 
.0043 
.0124 
.0212 
.0230 
.0246 


In. 

0. 

0. 


In. 
0. 

.00010 
.00000 

.00160 
.00170 
.00185 
.00186 
.00190 
.00105 
.00200 
.00205 
.00210 
.00215 
.00620 
.01060 
.01150 
.01230 


In. 
0. 

.00010 
.00060 
.00060 
.00020 
.00015 
.00000 
.00005 
.00005 
.00005 
.00005 
.00005 
.00005 
.00405 
.00440 
.00090 
.00060 
-- 


Initial load. 

30,000 to 60.000 lb. per sq. in. 
Modulus of elastiDity-31,580,000 lb. 
per sq. in. 

Elastic limit. 
Tensile streneth. 


0. 
































1 





Elongation after fracture, 0.53 in. in 2 in. = 26.5 per cent. 
Elongation of inch sections^ 0.37* in., 0.16 in. 
Diameter at fracture, 0.31 in. 
Sectional area. 0.075 sq. in. 
Contraction of area, 62.3 per cent. 
Position of fracture, 1.15 in. from the neck. 
Appearance of fracture, fine silky, serrated. 
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Marks, 1180-F. 
Diameter; 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Suocsessive 


Ub. 

1,000 
5,000 
30,000 
50,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
106,000 


/«. 

0. 
.0003 
.0021 
.0035 
.0038 
.0039 
.0039 
.0040 
.0041 
.0042 
.0043 
.0044 
.0046 
.0050 
.0056 
.0111 
.0136 


In. 

0. 
0. 


In. 
0. 
.00015 
.00105 
.00175 
.00190 
.00195 
.00105 
.00200 
.00205 
.00210 
.00215 
.00220 
.00230 
.00260 
.00280 
.00555 
.00680 


In. 

0. 

.00015 
.00090 
.00070 
.00015 
.00005 
.00000 
.00005 
.00005 
.00005 
.00005 
.00005 
.00010 
.00020 
.00030 
.00275 
.00125 


Initial UmmI. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity- 28,930,000 lb. 
I>er sq. in. 

Elastic limit. 
TffliAile strength. 


0. 





































Elongation after fracture, 0.50 in. in 2 in. = 25 per cent. 
Elongation of inch sections, 0.36* in., 0.14 in. 
Diameter at fracture, 0.33 in. 
Sectional area, 0.086 sq. in. 
Contraction of area, 57.2 per cent. 
Position of fracture, 1.18 in. from the neck. 
Appearance of fracture, fine silky. 
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Marks, 1179-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

inch. 


In gauged length. 


Per inch. 


Remarks. 

• 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


SuooessivB 
elongation. 


Lb, 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
105,000 


In. 

0. 
.0002 
.0019 
.0033 
.0036 
.0039 
.0040 
.0041 
.0042 
.0043 
.0043 
.0132 
.0162 
.0183 
.0198 


In. 

0. 

0. 


In, 

0, 
.00010 
.00095 
.00165 
.00180 
.00195 
.00200 
.00205 
.00210 
.00215 
.00215 
.00660 
.00610 
.00915 
.00990 


In. 
0. 
.00010 
.00085 
.00075 
.00015 
.00015 
.00005 
.00006 
.00005 
.00005 
.00000 
.00445 
.00150 
.00105 
.00075 


Initial load. 

30,000 to 60.000 lb. per sq. in. 
Modulus of ela8ticlty-30,000,000 lb. 
per sq. in. 

Elastic limit. 
Tensile strength. 


0. 

































Elongation after fracture, 0.51 in. in 2 in. =25.5 per cent. 
Elongation of inch sections, 0.14 in., 0.37* in. 
Diameter at fracture, 0.32 in. 
Sectional area, 0.080 sq. in. 
Contraction of area, 59.8 per cent. 
Position of fracture, 1.07 m. from the neck. 
Appearance of fracture, fine silky, cup shaped. 
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Marks, 1178-F. 
Diameter, 0.505 in. . 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads i)er 

square 

inch. 


In gauged length. 


Perineh. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Saocessive 
elongation. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
108,000 


In. 

0. 
.0002 
.0016 
.0030 
.0033 
.0036 
.0087 
.0038 
.0039 
.0040 
.0041 
.0042 
.0044 
.0053 
.0084 
.0112 
.0136 


In. 

0. 

0. 


In. 
0. 

.00010 
.00080 

.00150 
.00165 
.00180 
.00185 
.00190 
.00195 
.00200 
.00205 
.00210 
.00220 
.00265 
.00420 
.00560 
.00680 


In. 
0. 

.00010 
.0>)070 
.00070 
.00015 
.00015 
.00005 
.00005 
.00005 
.00005 
.00005 
.00005 
.00010 
.00045 
.00155 
.00140 
.00120 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity»30,000,000 lb. 
per sq. in. 

Elastic limit. 
Tensile strength. 


0. 














• 























Elongation after fracture, 0.45 in. in 2 in. = 22.5 per cent. 
Elongation of inch sections, 0.10 in., 0.35* in. 
Diameter at fracture, 0.34 in. 
Sectional area, 0.091 sq. in. 
Contraction of area, 54.6 per cent. 
Position of fracture, 0.80 in. from the neck. 
Appearance of fracture, fine silky, cup shaped. 
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Marks, 1177-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



AppUed 

lofuuper 

square 

inch. 


In gauged length. 


Per inoh. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


SucoMRive 
elongation. 


Lb, 
1,000 
5,000 
30,000 
50,000 
55,000 
56.000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
107,500 


In. 
0. 
.0002 
.0016 
.0029 
.0033 
.0034 
.0034 
.0035 
.0036 
.0037 
.0038 
.0039 
.0041 
.0044 
.0047 
.0054 
.0069 
.0114 
.0134 


In. 

0. 

0. 


In. 
0. 

.00010 
.00060 
.00145 
.00165 
.00170 
.00170 
.00175 
.00180 
.00185 
.00190 
.00195 
.00205 
.00220 
.00235 
.00270 
.00345 
.00570 
.00670 


In. 
0. 

.00010 
.00070 
.00065 
.00020 
.00005 
.00000 
.00005 
.00005 
.00005 
.00005 
.00005 
.00010 
.00015 
.00015 
.00035 
.00075 
.00225 
.00100 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity--28,980,000 lb. 
per sq. in. 

Elastic limit. 
Tensile strength. 


0. 








.......... 

.1........ 































Elongation after fracture, 0.50 in. in 2 in. = 25 per cent. 
Elongation of inch sections, 0.36* in., 0.14 in. 
Diameter at fracture, 0.33 in. 
Sectional area, 0.086 sq. in. 
Contraction of area, 57.2 per cent. 
Position of fracture, 1.10 in. from the neck. 
Appearance of fracture, fine silky. 
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Marks, 1202-F. 
Diameter, 0.504 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applfed 

loads per 

square 

inch. 


In gauged tength. 


Perlnoli. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Suooessive 
elongation. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 
64,000 
• 65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
106,500 


In. 
0. 

.0002 
.0015 
.0030 
.0035 
.0035 
.0036 
.0037 
.0038 
.0039 
.0041 
.0044 
.0046 
.0048 
.0053 
.0057 
.0076 
.0114 
.0137 
.0157 


In. 

0. 

0. 


In. 
0. 
.00010 
.00075 
.00150 
.00175 
.00175 
.00180 
.00185 
.00190 
.00195 
.00206 
.(MK£M) 
.00230 
.00240 
.00265 
.00285 
.00380 
.00570 
.00685 
.00785 


In. 
0. 
.00010 
.00065 
.00075 
.00025 

.oouoo 

.00005 
.00005 
.00005 

.00005 
.00010 
.00015 
.00010 
.00010 
.00025 
.00020 
.00095 
.00190 
.00115 
.00100 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity^25,000,000 lb. 
persq. in. 

Elastic limit 
Tensile strength. 


0. 














• 





























Elongation after fracture, 0.46 in. in 2 in. = 23 per cent. 
Elongation of inch sections^ 0.26* in., 0.20 in. 
Diameter at fracture, 0.36 in. 
Sectional area. 0.102 sq. in. 
Contraction oi area, 49.1 per cent. 
Position of fracture, at middle of length. 
Appearance of fracture, fine aUky. 
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Marks, 1201-F. 
Diameter, 0.502 in. 
Sectional area, 0.198 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga^ 
tion. 


Set. 


Elonga- 
tion. 


Successive 
elongation. 


Lb. 
t,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
107,500 


In. 
0. 
.0003 

Atm 

.0037 
.0041 
.0045 
.0046 
.0047 
.0048 
.0050 
.0053 
.0059 
.0075 
.0121 
.0165 


In. 

0. 

0. 


In. 
0. 
.00015 
.00110 
.00185 
.00205 
.00225 
.00230 
.00235 
.00240 
.00250 
.00265 
.00295 
.00375 
.00605 
.00825 


In. 
0. 
.00015 
.00095 
.00075 
.00020 
.00020 
.00005 
.00005 
.00005 
.00010 
.00015 
.00030 
.00060 
.00235 
.00220 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity-%.060.000 lb. 
per sq. in. 

Elastic limit. 

• 

Tensile strength. 


0. 

































Elongation after fracture, 0.50 in. in 2 in. = 25 per cent. 
Elongation of inch sections^ 0.18 in., 0.32* in. 
Diameter at fracture, 0.33 in. 
Sectional area. 0.086 sq. in. 
Contraction ol area, 57.2 per cent. 
Position of fracture, 1.25 in. from the neck. 
Appearance of fracture, fine silky. 
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Marks, 1194-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

inch. 


In gauged length. 


Perfaich. 


Remarlcs. 


Elonga- 
tion. 


8eL 


Elonga- 
tion. 


SaocessivB 
ekmgatim. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
108,500 


In. 

0. 

.0002 
.0017 
.0033 
.0037 
.0040 
.0041 
.0042 
.0042 
.0043 
.0044 
.0046 
.0048 
.0053 
.0068 
.0102 
.0134 


In. 

0. 
0. 


In. 

a 

.00010 
.00085 

.00166 
.00186 
.00200 
.00206 
.00210 
.00210 
.00215 
.00220 
.00230 
.00240 
.00265 
.00340 
.00510 
.00670 


In. 
0. 

.00010 
.00076 
.00060 
.00020 
.00015 
.00005 
.00006 
.00000 
.00006 
.00005 
.00010 
.00010 
.00020 
.00076 
.00170 
.00160 


Initialload. 

30,000 to 60,000 lb. per ^. in. 
Modulus of ela8ticit7-26,060,000 lb. 
persq. in. 

Ebtftiolimtt. 
Tensile strength. 


0. 





































Elongation after fracture, 0.43 Iq. in 2 in. = 21.5 per cent. 
Elongation of inch sections, 0.09 in., 0.34* in. 
Diameter at fracture, 0.34 in. 
Sectional area, 0.091 sq. in. 
Contraction of areas, 54.6 per cent. 
Position of fracture, 0.78 in. from the neck. 
Appearance of fracture, fine silky. 

5994°— H. Doc. 404, 63-2 3 
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Marks, 1193-F. 
Diameter; 0.503 in. 
Sectional area, 0.199 sq. in. 
Gauged length, 2 in. 



AppUDd 

lofKuper 

square 

inch. 


In gauged iBiigtli. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Blonga- 
tioii. 


St20oe88ive 
elongation. 


Lb. 

1,000 
6,000 

^:X- 

55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
106,000 


In. 

0. 

.0002 
.0016 
.0028 
.0033 
.0037 
.0038 
.0098 
.0040 
.0041 
.0043 
.0045 
.0048 
.0064 
.0078 
.0113 


/«. 

0. 
0. 


In. 
0. 

.00010 
.00060 

.00145 
.00165 
.00185 
.00180 
.00186 
.00200 
.00206 
.00216 
.00225 
.00245 
.00270 
.00385 
.00666 


In. 
0. 

.00010 
.00070 
.00065 
.00020 
.00020 
.00(N)6 
.00006 
.00006 
.00006 
.00010 
.00010 
.00020 
.00026 
.00126 
.00170 


initial load. 

30,000 to 60JD00 lb. per sq. in. 
Uodolus of ela8tiolty-2B,830/)00 lb. 
persq. in. 

Elastic limit. 
Tensile strength. 


0. 










...•4..... 





















Elongation after fracture, 0.45 in. in 2 in. ~ 22.5 per cent. 
Mongation of inch sections^ 0.34* in., 0.11 in. 
Diameter at fracture, 0.33 in. 
Sectional area. 0.086 sq. in. 
Contraction ol area, 57.2 per c^iit. 
Position of fracture, 0.80 in. from the neck. 
Appearance of fracture, fine silky, cup shaped. 
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Marks, 1188-F. 
Diameter, 0.502 in. 
Sectional area, 0.198 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

inch. 


In gaaged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


SuocessivB 
elongation. 


Lb. , 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
105,600 


In. 
0. 

.0002 
.0017 
.0031 
.0035 
.0039 
.0040 
.0042 
.0044 
.0048 
.0056 
.0095 
.0155 
.0171 


In. 

0. 

0. 


In. 
0. 

.00010 
.00085 
.00155 
.00175 
.00195 
.00200 
.00210 
.00220 
.00240 
.00280 
.00475 
.00775 
.00855 


In. 
0. 

.00010 
.00075 
.00075 
.00020 
.00020 
.00005 
.00010 
.00010 
.00020 
.00040 
.00195 
.00300 
.00080 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity- 27,270,000 lb. 
persq. in. 

Elastic Hmit. 
Tensile strength. 


0. 































Elongation after fracture, 0.50 in. in 2 in. = 25 per cent. 
Elongation of inch sections^ 0.39* in., 0.11 in. 
Diameter at fracture, 0.32 m. 
Sectional area, 0.080 sq. in. 
Contraction of area, 59.8 per cent. 
Position of fracture, 1.02 in. from the neck. 
Appearance of fracture, fine silky. 
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Marks, 1187-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Oauged length, 2 in. 



Applied 

loads per 

square 


In ganged Umglii. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Suooessive 
elongation. 


Lb. 
1,000 
6,(NI0 
30, (MM 
60,000 
65,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
106,500 


In. 
0. 

.0001 
.0016 
.0029 
.0033 
.0036 
.0037 
.0037 
.0038 
.0039 
.0042 
.0050 
.0104 
.0151 
.0167 
.0185 


In. 

0. 

0. 


In. 
0. 

.00005 
.00060 
.00145 
.00165 
.00180 
.00185 
.00185 
.00190 
.00105 
.00210 
.00250 
.00520 
.00755 
.00635 
.00925 


In. 
0. 
.00005 

.00075 
.00065 
.00020 
.00015 
.00005 
.00000 
.(NKNN> 
.00005 
.00015 
.00040 
.00270 
.00235 
.00080 
.OOOUO 


TnltiAlload. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity-3O,O0O/)0O lb. 
per sq. in. 

Elastic limit. 
Tensile strength. 


0. 



































Elongation after fracture, 0.50 in. in 2 in. =25 per cent. 
Elongation of inch sections, 0.15 in., 0.35* in. 
Diametec at fracture, 0.32 in. 
Sectional area, 0.080 sq. in. 
Contraction of area, 59.8 per cent. 
Position of fracture, 1.13 m. from the neck. 
Appearance of fracture, fine silky, cup shaped. 
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Marks, 1204-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

inch. 


In ganged length. 


Per Inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Sacoessive 
elongation. 


U, 

1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
71,000 
106,000 


In. 
0. 

.0002 
.0019 
.0038 
.0036 
.0030 
.0030 
.0040 
.0041 
.0041 
.0042 
.0043 
.0044 
.0056 
.0125 
.0156 
.0162 


0. 
0. 


/». 
0. 

.00010 
.00000 
.00165 
.00180 
.00195 
.00195 
.00200 
.00206 
.00206 
.00210 
.00215 
.00220 
.00280 
.00625 
.00780 
.00610 


In, 
0. 

.00010 
.00060 
.00075 
.00015 
.00015 
.00000 
.00005 
.00006 
.00000 
.00005 
.00006 
.00005 

.mm 

.00345 
.00155 
.00030 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elastlDity-a8,930,000 lb. 
persq. in. 

Elastic Umit. 
Tensile strength. 


0. 





































Elongation after fracture, 0.46 in. in 2 in. = 23 per cent. 
Elongation of inch sections, 0.36* in., 0.10 in. 
Diameter at fracture, 0.33 in. 
Sectional area. 0.086 sq. in. 
Contraction oi area, 57.2 per cent. 
Position of fracture, 0.74 m. from the neck. 
Appearance of fracture, fine silky, cup shaped. 
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Marks, 1203-F. 
Diameter^ 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

Innh. 


In gauged langth. 


Per inch. 


Remarks. 


Elonga- 
tlrni. 


Set. 


Blonga- 
tkm. 


Suooessiye 
ekmgation. 


Lb. 
1,000 
6,000 
30, (NN) 
60,000 
65,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
107,600 


In. 
0. 
.0002 
.0019 
.(NI33 
.0037 
.0040 
.0041 
.0042 
.0043 
.0044 
.0045 
.0046 
.0056 
.0117 
.0160 
.0173 


In. 

a 

0. 


In. 
0. 

.00010 
.00006 
.00166 
.00186 
.00200 
.(NKMM) 
.00210 
.00215 
.00220 
.00226 
.00230 
.00280 
.00586 
.00600 
.00665 


In. 
0. 

.00010 
.00065 

Aum) 

.00020 
.00015 
.00005 
.00006 
.00006 

.oooa*) 

.(XI0U5 
.00005 
.00050 
.00305 
.00215 
.00065 


Tnltialload. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity- 28,030,000 lb. 
persq. in. 

Elastic limit 


0. 










••••••"••* 




•••.«• 























Elongation after fracture, 0.50 in. in 2 in. =25 per cent. 
Elongation of inch sections, 0.33* in., 0.17 in. 
Diameter at fracture, 0.32 in. 
Sectional area. 0.080 sq. in. 
Contraction oi area, 59.8 per cent. 
Position of fracture, 1 .20 in. from the neck. 
Appearance of fracture, fine silky. 
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Marks, 1198-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Apniind 

loaasper 

square 

inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


ElOBg^ 

tion. 


Sncoessive 
elongation. 


1,000 
6,000 
80,000 
60,000 
56,000 
60,000 
61,000 
62,000 
63,000 
64,000 
66,000 
66,000 
67,000 
68,000 
60,000 
70,000 
71,000 
72,000 
109,600 


In, 

0. 

.0002 
.0017 
.0080 
.0033 
.0036 
.0087 
.0087 
.0038 
.0039 
.0040 
.0041 
.0042 
.0042 
.0066 
.0113 
.0135 
.0166 


In. 

0. 
0. 


In. 
0. 

.00010 
.00065 

.00150 
.00166 
.00180 
.00185 
.00185 
.00190 
.00195 
.00200 
.00205 
.00210 
.00210 
.00280 
.00666 
.00676 
.00776 


In. 
0. 

.00010 
.00075 
.00065 
.00015 
.00015 
.00005 
.00000 
.00005 
.00006 
.00005 
.00005 
.00006 

.mm 
.mm 

.00286 
.00110 
.00100 


IniUalload. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasUdty-31,580,000 lb. 
persq.in. 

Elastic limit. 
Tensile strength. 


0. 







































Elongation after fracture, 0.48 in. in 2 ui. = 24 per cent. 
Elongation of inch sections^ 0.33^^ in., 0.15 in. 
Diameter at fracture, 0.32 in. 
Sectional area, 0.080 sq. in. 
Contraction of area, 59.8 per cent. 
Position of fracture, 1.20 in. from the neck. 
Appearance of fracture, fine silky. 
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Marks, 1197-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

imoh. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Successive 
elongation. 


Lb. 

1,000 
5,000 
30,000 
60,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
66,000 
66,000 
67,000 
68,000 
60,000 
70,000 
106,500 


In. 

a 

.0001 
.0016 
.0030 
.0033 
.0036 
.0037 
.0038 
.0038 
.0039 
.0040 
.0041 
.0045 
.0053 
.0068 
.0167 


In. 
0. 

a 


In. 
0. 

.00005 
.00080 
.00150 
.00165 
.00180 
.00185 
.00190 
.00190 
.00195 
.00200 
.00205 
.00225 
.00265 
.00440 
.00635 


In, 
a 

.00005 
.00075 
.00070 
.00015 
.00015 
.00005 
.00005 
.00000 
.00005 
.00005 
.00005 
.00020 
.00040 
.00175 
.00395 


Initial load. 

30,000 to 60.000 lb. per sq in. 
Modulus of elastidty-30,000,000 lb. 
per sq. in. 

Elastic limit. 
Tennile strength. 


0. 



































Elongation after fracture, 0.51 in. in 2 in. = 25.5 per cent. 
Elongation of inch sections^ 0.20 in., 0.31* in. 
Diameter at fracture, 0.32 in. 
Sectional area. 0.080 sq. in. 
Contraction ol area, 59.8 per cent. 
Position of fracture, 1.20 in. from the neck. 
Appearance of fracture, fine silky. 



BBEECHBLOCKS FOB 4.7-INCH HOWITZEB. 



41 



Marks, 1192-F. 
Diameter, 0.602 in. 
Sectional area, 0.198 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

sqaare 

inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Sacceasive 
elongation. 


1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
107,100 


In. 
0. 

.0002 
.0019 
.0033 
.0036 
.0039 
.0039 
.0040 
.0041 
.0042 
.0044 
.0050 
.0079 
.0118 
.0141 
.0164 


In. 

0. 
0. 


In. 
0. 

.00010 
.00095 
.00165 
.00180 
.00195 
.00195 
.00200 
.00205 
.00210 
.00220 
.00250 
.00395 
.00590 
.00705 
.00820 


In. 

0. 
.00010 
.00085 
.00070 
.00015 
.00015 
.00000 
.00005 
.00005 
.00005 
.00010 
.00030 
.00145 
.00195 
.00115 
.00115 


Tnitialload. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elastidty-30,000,000 lb. 
per sq. in. 

Elastic limit. 


0. 




























Tensile strength. 













Elongation after fracture, 0.48 in. in 2 in. = 24 per cent. 
Elongation of inch sections, 0.12 in., 0.36* in. 
Diameter at fracture, 0.33 in. 
Sectional area. 0.086 sq. in. 
Contraction oi area, 56.6 per cent. 
Position of fracture, 0.92 m. from the neck. 
Appearance of fracture, fine silky, cup shaped. 
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Marks, 1191-F. 
Diameter, 0.506 in. 
Sectional area, 0.20 ^q. in. 
Gauged length, 2 in. 



1 

Applied 

loads per 

square 

inch. 


In gaaged length. 


Per Inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Successive 
elongation. 


m. 

1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
106,500 


In. 
0. 
.0003 
.0018 
.0031 
.0034 
.0038 
.0039 
.0040 
.0040 
.0041 
.0042 
.0044 
.0050 
.0068 
.0113 
.0134 


In. 

0. 

0. 


In. 
0. 
.00015 
.00090 
.00155 
.00170 
.00190 
.00105 
.00200 
.00200 
.00205 
.00210 
.00220 
.00250 
.00340 
.00565 
.00670 


In. 
0. 
.00015 
.00075 
.00065 
.00025 
.00020 
.00005 
.00005 
.00000 
.00005 
.00005 
.00010 
.00030 
.00090 
.00225 
.00105 


Initial load. 

30,000 to 60.000 lb. per sq. in. 
Modulus of elasticity- 30,000,000 lb. 
per sq. in. 

Elastic limit. 

Tensile strength. 


0. 



































Elongation after fracture, 0.46 in. in 2 in. =23 per cent. 
Elongation of inch sections, 0.13, 0.33* in. 
Diameter at fracture, 0.34 in. 
Sectional area, 0.091 sq. in. 
Contraction of area, 54.6 per cent. 
Position of fracture, 1 in. from the neck. 
Appearance of fracture, fine silky. 
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Marks, 1186-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

inch. 


In ganged length. 


Per inoh. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tlim. 


Sucoessive 
elongation. 


Lb. 

1,000 

5,000 

30,000 

50,000 

55,000 

60,000 

61,000 

62,000 

63,000 

64,000 

65,000 

. 66,000 

67,000 

68,000 

60,000 

70,000 

71,000 

108,500 


In. 
0. 

.0002 
.0016 
.0029 
.0033 
.0036 
.0037 
.0038 
.0030 
.0040 
.0041 
.0042 
.0044 
.0054 
.0)60 
.0096 
.0133 


In, 

0. 

0. 


In. 
0. 
.00010 
.00060 
.00145 
.00165 
.00180 
.00185 
.00190 
.00196 
.00200 
.00206 
.00210 
.00220 
.00270 
.00346 
.00480 
.00666 


In. 
0. 

.00010 
.00070 
.00066 
.00020 
.00016 
.00005 
.00006 
.00006 
.00006 
.00006 
.00005 
.00014) 
.00060 
.00075 

.00185 


Tnitialload. 

30,000 to 60.000 lb. per sq. in. 
Modulus of elastic1ty-aO,000,000 lb. 
per sq. in. 

Elastic limit 
Tnafie strength. 


0. 





































Elongation after fracture, 0.44 in. in 2 in. » 22 per cent. 
Elongation of inch sections, 0.09 in., 0.36* in. 
Diameter at fracture, 0.33 in. 
Sectional area, 0.086 sq. in. 
Contraction of area, 57.2 per cent. 
Position of fracture, 0.76 in. from the neck. 
Appearance of fracture, fine siU^. 
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Marks, 1185-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

Inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Suooessive 
elongation. 


Lb. 

1,000 
5,000 
30,000 
50,000 
56,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
71,000 
106,500 


In. 
0. 

.0002 
.0017 
.0031 
.0035 
.0038 
.0039 
.0040 
.0041 
.0041 
.0042 
.0043 
.0044 
.0045 
.0097 
.0170 
.0200 


In. 

0. 

0. 


In. 
0. 

.00010 
.00065 

.00155 
.00175 
.00190 
.00195 
.00200 
.00205 
.00205 
.00210 
.00215 
.00220 
.(X^225 
.00485 
.00850 
.01000 


In. 
0. 

.00010 
.00075 
.00075 
.00020 
.00015 
.00005 
.00005 
.00005 
.00000 
.00006 
.00006 
.00005 
.00005 
.00260 
.00365 
.00150 


Initial load. 

30,000 to 60.000 lb. per sq. in. 
Modulus of eU8tioitp-lB,990,000 lb. 
per sq. in. 

ft 

ElasHcllmit. 
Tensile strength. 


0. 





































Elongation after fracture, 0.51 in. in 2 in. » 25.5 per cent. 
Elongation of inch sections, 0.14 in., 0.37* in. 
Diameter at fracture, 0.32 in. 
Sectional area. 0.080 sq. in. 
Contraction ol area, 59.8 per cent. 
Position of fracture, 1.02 in. from the neck. 
Appearance of fracture, fine silky. 



BBEEGHBLOCKS FOB 4.7-INCH HOWIXZEB. 
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Marks, 1182-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Suooessive 
elongation. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
61,000 
66,000 
66,000 
67,000 
68,000 
60,000 
70,000 
106,600 


In. 
0. 

.0002 
.0015 
.0027 
.0082 
.0035 
.0036 
.0037 
.0038 
.0039 
.0041 
.0050 
.0061 
.0110 
.0134 
.0154 


In. 

0. 
0. 


In. 
0. 

.00010 
.00075 
.00135 
.00160 
.00175 
.00180 
.00185 
.00190 
.00196 
.00205 
.00260 
.00306 
.00660 
.00670 
.00770 


In. 
0. 

.00010 
.00065 
.00065 
.00025 
.00015 
.00006 
.00006 
.00005 
.00006 
.00010 
.00046 
.00066 
.00245 
.00120 
.00100 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of ela8ticlt7-30,000,000 lb. 
per sq. in. 

Elastic limit. 
Tensile strength. 


0. 














• 





















Elongation after fracture, 0.49 in. in 2 in. = 24.5 per cent. 
Elongation of inch sections, 0.36'*' in., 0.13 in. 
Diameter at fracture, 0.34 in. 
Sectional area, 0.091 sq. in. 
Contraction of area, 54.6 per cent. 
Position of fracture, 1.10 in. from the neck. 
Appearance of fracture, fine silky, cup shaped. 
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Marks, 1181-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

inch. 


IngMigBdlengtli. 




Remarks* 


Ekoigft- 
tion. 


oet. 


Ekmga- 
tkn. 


SnooeBsivv 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
71,000 
110,500 


In. 

0. 
.0004 
.0024 
.0039 
.0042 
.0045 
.0046 
.0047 
.0048 
.0049 
.0050 
.0062 
.0055 
.0060 
.0069 
.0120 
.0145 


0. 
0. 


In. 
0. 

.00020 
.00120 
.00195 
.00210 
.00225 
.00230 
.00235 
.00240 
.00245 
.00250 
.00260 
.00275 
.00300 
.00345 
.00600 
.00725 


In. 
0. 
.00020 
.00100 
.00075 
.00015 
.00015 
.00005 
.00005 
.00005 
.00005 
.00005 
.00005 
.00015 
.00025 
.00045 
.00255 
.00125 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of ela8ticity-^2S,930,000 lb. 
persq. in. 

Elastic limit. 
Tensile Strang^. 


.0002 



































Elongation after fracture, 0.46 in. in 2 in. =23 per cent. 
Elongation of inch sections, 0.12 in., 0.34* in. 
Diameter at fracture, 0.33 in. 
Sectional area, 0.086 sq. in. 
Contraction of area, 57.2 per cent. 
Position of fracture, 0.90 in. from the neck. 
Appearance of fracture, fine silky. 



BREECHBLOCKS FOB 4.7-INCH HOWITZEB. 
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Marks, 1200 F T. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

sqaare 

inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga^ 
tion. 


Successive 
elongation. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
105,500 


In. 
0. 

.0002 
.0016 
.0030 
.0035 
.0039 
.0040 
.0041 
.0042 
.0042 
.0043 
.0044 
.0069 
.0130 
.0174 
.0195 


In. 

0. 

0. 


In. 
0. 

.00010 
.00080 
.00150 
.00175 
.00196 
.00200 
.00205 
.00210 
.00210 
.00215 
.00220 
.00345 
.00650 
.00870 
.00975 


In. 
0. 

.00010 
.00070 
.00030 
.00^ 
.00020 
.00005 
.00005 
.00006 
.00000 
.00005 
.00006 
.00125 
.00306 
.00220 
.00105 


Initial load. * 

30,000 to 60.000 lb. per sq. in. 
Modulus of elasticity- 26,080,000 lb 
per sq. in. 

Elastic limit. 
Tensile strength. 


0. 






























« 





Elongation after fracture, 0.36 in. in 2 in. = 18 per cent. 
Elongation of inch sections, 0.24* in., 0.12 in. 
Diameter at fracture, 0.43 in. 
Sectional area, 0.145 sq. in. 
Contraction of area, 27.4 per cent. 
Position of fracture, 1.04-in. from the neck. 

Appearance of fractiu*e, fine granular, 30 per cent ; lamellar, 70 per 
cent. 
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Marks, 1200 F L. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. !n. 
Gauged length, 2 in. 



Applied 

loads per 

square 

inch. 


In gauged length. 


Per inch. 




Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Sucoessive 
ekxDgation. 


Xfr. 
1,000 
5,000 

ao,ooo 

50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
106,000 


In, 
0. 

.0002 
.0017 
.0090 
.0033 
.0036 
.0037 
.0038 
.0039 
.0039 
.0040 
.0041 
.0183 
.0204 
.0212 
.0229 


In, 

0. 
0. 


In, 

0. 
.00010 
.00065 
.00150 
.00165 
.00180 
.00185 
.00190 
.00195 
.00195 
.00200 
.00206 
.00915 
.01020 
.01060 
.01146 


In, 
0. 

.00010 
.00075 
.00065 
.00015 
.00015 
.00006 
.00006 
.00005 
.00000 
.00005 
.00005 
.00710 
.00106 
.00040 
.00065 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticit7-31^80,000 lb. 
per sq. in. 

Elastic limit. 
Tensile strength. 


0. 


































« 



Elongation after fracture, 0.51 in. in 2 in. = 25.5 per cent. 

Elongation of inch sections, 0.13, 0.38* in. 

Diameter of fracture, 0.32 in. Sectional area, 0.080 sq. in. 

Contraction of area, 59.8 per cent. 

Position of fracture, 1.01 in. from the neck. 

Appearance of fracture, fine silky. 



BREECHBLOCKS FOB 4.7-IKCH HOWITZSB. 
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Marks, 1189 F T. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applfnd 

loads per 

square 

inch. 

V 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Suooessive 
elongation. 


1,000 
5.000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70.000 
107,000 


In, 

0. 

.0002 
.0018 
.0033 
.0038 
.0041 
.0041 
.0042 
.0043 
.0044 
.0046 
.0056 
.0065 
.0089 
.0115 
.0140 


In, 

0. 
0. 


In, 

0. 
.00010 
.00090 
.00165 
.00190 
.00205 
.00205 
.00210 
.00215 
.00220 
.00230 
.00280 
.00325 
.00445 
.00575 
.00700 


In. 
0. 
.00010 
.00060 
.00076 
.00025 
.00015 
.00000 
.00005 
.00005 
.00005 
.00010 
.00050 
.00045 
.00120 
.00130 
.00125 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of ela8ticity-26,080,000 lb. 
per sq. in. 

Elasticlimit. 
Tensile strength. 


0. 












.......... 























Elongation after fracture, 0.34 in. in 2 in. = 17 per cent. 
Elongation of inch sections, 0.13, 0.21* in. 
Diameter of fracture, 0.43 in. Sectional area, 0.145 sq. in. 
Contraction of area, 27.4 per cent. 
Position of fracture, 1.16 in. from the neck. 

Appearance of fracture, fine granular, 60 per cent; lamellar, 40 
per cent. 

5994°— H. Doc. 404, 63-2 4 
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Marks, 1189 F L. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Test 414. 



AppliBd 

loads per 

square 

inch. 


In gauged ]iei]^. 


Per hiRh. 




EloDga- 
tkm. 


Set. 


Elonga- 
tkm. 


Suooessive 
etongation. 


X6. 
1,000 
5, (KM 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
106,000 


In. 
0. 
.0003 

.0020 
.0034 
.0037 
.0041 
.0042 
.0043 
.0044 
.0045 
.0046 
.0048 
.0067 
.0088 
.0124 
.0140 


In. 

0. 
0. 


In. 
0. 
.00015 
.00100 
.00170 
.00185 
.00206 
.00210 
.00215 
.00220 
.(M)225 
.00230 
.00240 
.00286 
.00440 
.00620 
.00745 


In. 
0. 
.00015 
.00085 
.00070 
.00016 
.00020 
.00005 
.00006 
.00006 
.00006 
.00006 
.00010 
.00046 
.00155 
.00180 
.00125 


Tnitialload. 

30,000 to 60,000 lb. per sq. in. 
Modulus of ela8ticity-28,030,000 lb. 
per sq. in. 

Elastic limit. 

Tensile strength. 


0. 



































Elongation after fracture, 0.57 in. iq 2 ia. = 28.5 per cent. 
Elongation of inch sections, O.SS'*' in., 0.24 in. 
Diameter at fracture, 0.34 in. Sectional area, 0.091 sq. in. 
Contraction of area, 54.6 per cent. 
Position of fracture, 1.05 in. from the neck. 
Appearance of fracture, fine silky. 



STEEL COLUMNS. 
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BTEEL COLUMNS. 












AbrfABnl 




sWfiW 



/v^/ 



No. 418. 



Built I column, ^O^OOO. lb. carbon steeL 

Pin ends. 

Length of column = 216.32 in. = 18 ft. 0.32 in. 

Length from center to center of pins = 225.02 in. = 18 ft. 9.02 in. 

Weight = 579 lbs. 

Sectional area =? 9.066 sq. in. 

Gauged lengths as per fig. 1. 

Counterweighted at middle. 

No. 419. 

Built I column, 60,000 lbs. carbon steel. 

Pm ends. 

Length of colunm = 216.30 in. = 18 ft., 0.30 in. 

Length from center to center of pins = 225 in. = 18 ft., 9 in. 

Weight = 574 lbs. 

Sectional area = 8.985 sq. in. 

Gauged lengths as per Fig. 1. 

Counterweighted at middle. 
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TESTS OF MODEL BREECH BUSHINGS TO DETERMINE THE RELATIVE 
EFFICIENCY OF CYLINDRICAL AND CONICAL BUSHINGS. 

The tests were made on four models. "A'' and "C" having cylin- 
drical jackets and plugs and ^*B" and "D" havmg conical lackets 
and plugs, and on two additional models, 7T3 having a conical jacket 
and plug and 7T4 having a cylindrical jacket and plug. Model 7T3 
with the conical jacket and plug also has a reinforcing steel band 
flush with the end of the jacket and face of the plug. The method of 
applving the load is shown in fig. 1. 

"A" and "B'' were first tested by successive applications of loads, 

increasing the load each time b^ 25,000 pounds. The colunm ^ 

refers to tne depth marked X in ^g. 1 . This measurement was made 

after each load. 

Model "^." 



Load. 


X. 




Lh8. 
25,000 
50,000 
75,000 
100,000 
125,000 
150,000 
175,000 
200.000 
225,000 
260,000 
275,000 
300,000 
325,000 
350,000 
375,000 
400,000 
425,000 


4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

4.01 

4.015 

4.03 

4.03 

4.05 

4.08 

4.09 

4.11 


• 

Plug Started. 
Plug slightly crowned. 
Plug crowned more. 

Plug crowned still more. Plunger upset and a tight fit. Turned to a 
smaller diameter. 

Plunger tight, also bushing tight on Jacket. Both plunger and bushing 
machined to give clearance. On reapplymg the load the jacket burst, as 
shown on photograph "1,** at a load of 383,000 pounds. 



Fi 




\\\\m\\\\\^i 



JEHug. 
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Model ''B: 



Load. 


X. 




X6«. 









4.03 




25,000 


4.03 




50,000 


4.03 




75,000 


4.03 




100,000 


4.03 


V, 


125,000 


4.03 




150,000 


4.03 




175,000 


4.03 


" 


200,000 


4.03 


Plug b«gan to crown. 


225,000 


4.03 




250,000 


4.04 




275,000 


4.04 




300,000 


4.05 




319,200 




Jacket burst, as shown in photofrraph "2." 





Models "C (cylindrical) and ^'D^' (conical) were tested under a 
repeated load. 

Load, 250,000 lbs. 



Number of applications of load. 


Measurement "X.'' 


Model "C." 


Model '<D.'' 





4.00 
4.01 
4.01 
4.01 
4.02 
4.02 
4.02 
4.02 

4.02 

4.02 

4.02 

4.02 

4.03 
4.03 

4.04 

4.07 


4.00 

4.01 

4.01 

4.02- 

4.02- 

4.02- 

4.02- 

4.02- 

4.<» 

4.02+ 

4.02+ 

4.03 

4.05 
4.05 

(0 


25 


60 


ISO ^ 


200 


300 


400 


425 


Load increased to 260,000 lbs. 

450 


Load increased to 270,000 lbs. 

475 


Load increased to 280,000 lbs. 

500 


Load increased to 300,000 lbs. 

505 


Load increased to 325,000 lbs. 

506 


510 


Load increased to 350,000 lbs. 

611 . 


Ixtad increased to 375,000 lbs. 

512 







» " D " broke at 333,600 lbs. See photograph " 4." 



Load increased until ^'C broke at 380,100 lbs., as shown in photo- 
graph ^'3/' 
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7TS, Conical jacket and plug, plunger slightly crowned. 

HARDNESS. 



Ping. 


Jacket. 


Shore. 


Brlnairs. 


Shore. 


Brinell's. 


37.5 


228 


37 


207 



Load. 


X. 


Y.* 




Lb9. 



25,000 

50,000 

75,000 

100,000 

125,000 

150,000 

175,000 

200,000 

225,000 

260,000 

275,000 

300,000 

325,000 

350,000 

375,000 

4flfl^000 

425,000 

450,000 

47fi»000 

500^000 

52^000 

Jadretaga 

machine 


3.75 
3.75 
3.75 
3.75 
3,75 
3.75 
3.75 
3.75 
3.75 
3.75+ 
3.75+ 
3.75+ 
3.75+ 
3.75+ 
3.75+ 
3.76- 
3.76 
3.76+ 
3.76+ 
3.77 
3.78 
3.80 
in placed 
, at 524,300 




Plug slightly crowned. 

Plug indented by plunger. 
Plug crowned more. 

Plug crowned still more. 

Diameter over reinforcing ring, 5.25 in. 
Sheared the thread in jacket and pushed the plug out of Jacket, 
shown in photograph "7." 


as 






































3.76 

3.77+ 

3.78 

Ji testing 

libs. 



Maximum diameter over reinforcing ring, 5.26 inches. 

Minimum diameter over reinforcing ring, 5.25 inches. 

* The colunm '' Y" refers to the depth marked '' Y'' in fig. 1. 
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7T4' Cylindrical jacket and pVug, plunger slightly crowried. 
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Hug. 


Jacket. 


Shore. 


BrinelVs. 


Shore. 


BrlTiAirs. 


37 


228 


37.5 


212 



Load. 


X. 


Y. 


• 


L6. 


25,000 
50,000 
75,000 
100,000 
125,000 
150,000 
175,000 
200,000 
225,000 
250,000 
275,000 
300,000 
325,000 
350,000 
375,000 
400,000 
425,000 
450,000 
467,700 


3.75 

3.75 

3.75 

3.75 

3.75 

3.75 

3.75 

3.75 

3.75 

3.75 

3.75 

3.75 

3.75+ 

3.75+ 

3.75+ 

3.75+ 

3.76- 

3.76- 

3.76+ 




• 

Diameter of jacket and plug end, 4.24 in. 

• 

Plug slightly crowned. 

Plug indented slightly by plunger. 

Plug crowned more. 

Joint between Jacket and plug opening. 
Ultimate etrength. 




































3.76 







Sheared the thread in jacket and pushed plug out a little, as shown 
in photograph 8. 

Maximum diameter of jacket at the plug end, 4.37 inches. 

Minimum diameter of jacket at the plug end, 4.30 inches. 

At 176,200 lbs. the plug started and was pushed out about 0.45 
inch, as shown in photograph 9. 

At 2,500 lbs. plug startea and was pushed out of jacket, as shown 
in photograph 10. 

In all cases, except that of C, the tendency of shearing the threads 
was apparent, and m the cases of 7T3 and 7T4 this was the method 
of f aihire. Failure occurred in A, B, C, and D by the fracture of the 
jackets, due, undoubtedly, to the condition of the metal. Photo- 
graph 5 shows the shearing of the threads in model " B." The photo- 
graphs of 7T3 and 7T4 in which the stripped threads appear show 
that the thread from the conical jacket was sheared much nearer the 
base of the thread than was true in the case of the thread of the 
cyUndrical jacket, indicating that these threads were more firmly in 
mesh at the time of the stripping. This is also confirmed by the fact 
that, in the case of the cylindrical jacket, which had no reinforce- 
ment, the diameter was increased about 0.1 inch, while the reenforced 
conical jacket showed an increase of diameter of only 0.01 inch. 

AH the fractures of jackets A, B. C, and D were coarse and crys- 
talUne. Microphotographs taken Irom the framients broken from 
the jackets of A ana B indicate that the metal nas been heated too 
far above the critical point, held at this temperature too long, and 
then cooled too slowly. This is shown by the inclosed microphoto- 
graphs, 11 and 12, which show clear-cut veins of ferrite, and weU- 
developed lamellar structure in the pearlite. Pieces of these two 
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jackets were heated to 750° C. for two hours and cooled in air. Micro- 
photographs 13 and 14 show the resulting structures. 

The results of all physical tests made on any of the material used in 
these models are here given. From each of the models " C '' and " D " 
two longitudinal and two tangential specimens were taken. The 
longitudmal specimens were marked C2, C3, D2, and D3; the tan- 
gential specimens were marked Cl, C4, Dl, and D4. Cl, C2, Dl, 
and D2 were tested in the condition in which they were taken from 
the models. C3, C4, D3, and D4 were heated to 750° C, held for 
two hours, and cooled in air. Two specimens, marked 7Tl and 7T2. 
were received from WatervKet Arsenal, and represent the material 
used in models 7T3 and 7T4. 

Chemical analysis showed the following composition: 



Mark. 


C. 


Mn. 


Si. 


S. 


P. 


Ni. 


7T1.... 
7T2.... 


0.33 
.34 


0.60 
.62 


0.214 
.203 


0.026 
.025 


0.037 
.037 


3.10 
3.15 



The physical test gave the following physical properties: 



Marks. 


Elastic 

limit. 


Tensile 
strength. 


Elob^a- 
tion. 


Oontrao- 
tion. 


Hardness. 


Shore. 


BrineU. 


01 

Dl 

02 

D2:.... 

03 

D3 

04 

D4 

7T1.... 
7T2.... 


43,500 
43,000 
53,000 
55,000 
47,000 
52,000 
50,000 
47,500 
77,000 
77,000 


95,000 
96,000 
95,000 
96,000 
94,000 
96,000 
96,500 
96,000 
101,000 
101,000 


13.0 
17.5 
11.0 
16.5 
22.5 
18.5 
16.0 
18.0 
25.5 
24.5 


16.9 
27.4 
20.0 
30.0 
47.0 
43.0 
24.0 
20.5 
67.0 
64.7 


26.5 
25.0 
24.0 
23.0 
21.0 
22.0 
29<0 
28.0 
32.0 
32.0 


179 
183 
179 
179 
179 
179 
179 
183 
207 
207 



Cl, Dl, C2, and D2, as taken from the model. 
C3, D3, C4, and D4, heated to 750° C. and held two hours. Cooled 
in air. 

List of photographs, 

1. Breech bushing *' A'' after failure. 

2. Breech bushing ''B" after failure. 

3. Breech bushing ''C^' after failure. 

4. Breech bushing ''D" after failure. 

5. Breech bushing "B^' after failure, showing shearing of threads. 

6. Breech bushing 7T3 after failure. 

7. Plug from breech bushing 7T3 after failure, 

8. Breech bushing 7T4 after plug had started. 

9. Breech bushing 7T4 after plug was nearly out. 

10. Breech bushing 7T4 after failure. 

11. Microphotograph of breech bushing "A" as received. 

12. Microphotograph of breech bushing "B'' as received. 

13. Microphotograph of breech bushing "A" after treatment. 

14. Microphotograph of breech bushing "B'' after treatment. 
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TEST OF RACK AND PAWL. 

The object of this test was to determine the load at which the pawl 
teeth shown in figure 1 would fail. 

The apparatus used and the points of taking measurements are also 
shown in figure 1, 

Measurements were taken after each load between the points 
indicated on the drawing as follows: Measurements E, F, and G were 
taken with inside micrometers^ measurements AK, BK, CH, DH, 
and LM were made with a vernier scale reading to 0.01 in., these five 
readings being taken on both the east and west sides of the teeth. 
Before and after the test the following measurements were also taken 
on both sides of the teeth: AN, BN, CO, and DO. As the test pro- 
gressed measurements were also taken with a thickness gauge between 
teeth A and D, and also at points P and R. 

A load of 5,000 pounds was first appHed and measurements taken. 
Then beginning with a load of 10,000 pounds, the load was increased 
by increments of 10,000 pounds up to 120,000 lbs., when the load 
increments became 6,000 pounds. After each increase of load, meas- 
lu^ments and impressions were taken and the load was again reduced 
to 5,000 pounds and remeasured. 

The results are as follows : 

The differences between the micrometer reading and the ori^nal 
reading are here tabulated, 

I Load. I E. I F. j G. | L^iad. | E. | F. | O. | 



BACK AND PAWL. 



^' 
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Thichness gawge readings. 



Load. 


AB. 


P. 


R. 


TiOAd. 


AB. 


P. 


R. 


Lh, 

5,000 
135,000 

5,000 
140,000 

5,000 
145,000 

5,000 
150,000 

5,000 
155,000 

5,000 
160,000 

5,000 
165,000 

5,000 
170,000 

5,000 
175,000 

5,000 
180.000 

5,0U0 
185,000 

5,000 
190,000 

5,000 
195,000 

5,000 
200,000 

5,000 
205,000 


In. 
0.004 
.006 
.004 
.008 
.006 
.008 
.006 
.008 
.006 
.008 
.006 
.006 
.006 
.010 
.006 
.010 
.008 
.010 
.008 
.010 
.008 
.012 
.010 
.012 
.010 
.012 
.010 
.012 
.010 


In, 
0.006 
.014 
.006 
.014 
.008 
.015 
.008 
.015 
.008 
.015 
.008 
.018 
.010 
.018 
.010 
.020 
.012 
.021 
.012 
.022 
.012 
.023 
.014 
.024 
.014 
.024 
.015 
.027 
.016 


In. 


Lb. 

5,000 
210, (KM) 

5,(NN> 
215,000 

5,000 
220,000 

5,000 
225,000 

5,000 
230,000 

5,000 
235,000 

5,000 
240,000 

5,000 
245,000 

5,000 
250,000 

5,000 
255,000 

5,000 
260,000 

5,000 
265,000 

5,000 
270,000 

5,000 
275,000 

5,000 


In. 


In, 


In, 




.014 
.012 
.014 
.012 
.015 
.012 
.015 
.012 
.016 
.012 
.016 
.012 
.016 
.014 
.018 
.015 
.020 
.015 
.020 
.015 
.021 
.018 
.023 
.018 
.024 
.018 
.024 
.017 


.027 
.016 
.031 
.018 
.033 
.020 
.037 
.020 
.033 
.022 
.037 
.022 
.043 
.026 
.049 
.025 
.041 
.027 
.043 
.028 
.047 
.032 
.049 
.033 
.053 
.035 
.053 
.037 




































































.012 
.021 
.012 
.022 
.012 
.023 
.012 
.023 
.012 
.023 
.014 































Measurements of pawl. 



Load. 



Lb, 

5|000 
10,000 

5,000 
20,000 

5,000 
30,000 

5,000 
40,000 

5,000 
50,000 

5,000 
60,000 

5,000 
70,000 

5,000 
80,000 

5,000 
90,000 

5,000 
100,000 

5,000 
110,000 

5,000 
120,000 

5,000 
126,000 

5,000 
130,000 

5,000 
135,000 

5,000 
140,000 

5,000 
145,000 

5,000 
150,000 

5,000 
156,000 

6,000 



AK 


BK 


CH 


DH 


LM 


In. 


In, 


In. 


In. 


In. 


2.00 


1.00 


4.00 


2.00 


2.00 


2.00 


1.00 


4.00 


2.00 


2.00 


2.00 


1.00 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


•2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2:00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.00 


LOO 


4.00 


2.00 


2.00 


2.01 


LOO 


4.00 


2.00 


L99 


2.00 


LOO 


4.00 


2.00 


2.00 


2.01 


LOl 


4.00 


2.00 


L99 


2.00 


LOO 


4.00 


2.00 


2.00 


2.01 


LOl 


4.00 


2.00 


L99 


2.00 


LOO 


4.00 


2.00 


2.00 


3.01 


1.01 


4.00 


2.00 


2.00 


3.00 


LOO 


4.00 


2.00 


2.00 


3.01 


LOl 


4.00 


2.01 


2.00 


8.00 


LOO 


4.00 


2.00 


2.00 


3.01 


LOl 


4.00 


2.01 


2.00 


3.00 


LOO 


4.00 


2.00 


2.00 
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BACK AND P/CWL. 
MeoiuremenU o/ pawl— Continued. 



LoBd. 


AK 


BK 


CH 


DH 


Llf 


Lb. 


In. 


In. 


7ii. 


In 


."■ 


i«i,«ao 


3.01 




4.01 






5000 


S.00 




4.00 


.00 




luooa 










00 


sow 


3.00 


ioo 


4.00 






170 000 


3.01 




4.01 


^01 




E,oao 


3.00 




4.00 




CO 


175,000 


3.01 










5,000 


3.00 


LOO 


4.x 






180,000 


3.01 




4.01 


2.01 


00 


5OD0 


3.00 










185,000 


3.01 


!oi 


4.01 








5,000 






4.00 




DO 


.00 


1W000 












.00 


5; 000 


300 


LOO 


4.00 




DO 




19S.00O 


3 






4.02 




Dl 




5,000 














.00 


300 000 




02 


.02 










5 000 


: 




.01 


4.01 








20i,000 

eOGo 




01 


.02 






02 


2.00 


210; 000 


: 




:o2 


4:02 








5,000 












01 


2.00 


215,000 






!o2 










5 000 


: 


01 


.01 


4:01 








220,000 






.02 




2.03 


2.00 


5,000 














235',000 
5,000 


■ 


02 


:o2 


a 


2! OS 

2.01 


ioo 


230.000 






!03 






.00 


5000 




02 


.02 


4.02 








235;000 






.03 


4.03 




03 


ioo 


5,000 












02 


.00 


240 000 




03 


!o3 








.00 




: 


02 


.02 


4.02 






.00 


2«''^ 








4.0a 




04 


.00 














03 




aio;ooo 




04 


:o4 


4.04 






ioo 








.02 






02 


.00 


2m;ooo 












.00 


5,000 




!a3 


4! 03 






.00 


260,000 


3.04 




4.05 




05 


.00 














.00 


20^000 


3.04 












6,000 


3.03 


.03 


4.03 




03 


ioo 


270,000 






4. OB 




05 










4.04 








27s;000 


3:05 


lios 


4.0s 








5,000 


3.04 








04 


2.00 



EAST SIDE. 

MeatuTtments on pavil. 
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EAST SIDB-ContiniMd. 
Measurementa on pawl — Continued. 



Load. 


AE 


BK 


CH 


DH 


LM 


Lb. 


In, 


In. 


In. 


In. 


In. 


100,000 


3.02 


1.01 


4.00 


2.00 


2.00 


5,000 


3.02 


1.01 


4.00 


2.00 


2.00 


110,000 


3.02 


1.02 


4.00 


2.00 


2.00 


5,000 


3.02 


1.02 


4.00 


2.00 


2.00 


120,000 


3.02 


1.02 


4.00 


2.00 


2.00 


5,000 


3.02 


1.01 


4.00 


2.00 


2.00 


125,000 


3.02 


1.02 


4.00 


2.00 


2.00 


5,000 


3.02 


1.01 


4.00 


2.00 


2.00 


130,000 


3.02 


1.015 


4.00 


2.00 


2.00 


5,000 


3.02 


1.01 


4.00 


2.00 


2.00 


135,000 


3.02 


1.02 


4.00 


2.00 


2.00 


5,000 


3.02 


1.01 


4.00 


2.00 


2.00 


140,000 


3.02 


1.015 


4.00 


2.00 


2.00 


5,000 


3.02 


1.01 


4.00 


2.00 


2.00 


145,000 


3.02 


1.015 


4.00 


2.00 


2.00 


5,000 


3.02 


1.01 


4.00 


2.00 


2.00 


150,000 


3.02 


1.02 


4.00 


2.00 


2.00 


5,000 


3.02 


1.01 


4.00 


2.00 


2.00 


155,000 


3.02 


1.02 


4.00 


2.00 


2.00 


5,000 


3.02 


1.01 


4.00 


2.00 


2.00 


160,000 


3.02 


1.02 


4.01 


2.00 


2.00 


5,000 


3.02 


1.01 


4.00 


2.00 


2.00 


165,000 


3.025 


1.025 


4.01 


2.01 . 


2.00 


5,000 


3.02 


1.01 


4.00 


2.00 


2.00 


170,000 


3.025 


1.02 


4.005 


2.00 


2.00 


5,000 


3.02 


1.01 


4.00 


2.00 


2.00 


175,000 


3.025 


1.02 


4.01 


2.01 


2.00 


5,000 


3.02 


1.015 


4.00 


2.00 


2.00 


180,000 


3.03 


1.02 


4.01 


2.01 


2.00 


5,000 


3.02 


1.015 


4.00 


2.00 


2.00 


185,000 


, 3.03 


1.02 


4.01 


2. pi 


2.00 


5,000 


3.02 


1.015 


4.00 


2.00 


2.00 


190,000 


3.03 


1.026 


4.01 


2.01 


2.00 


5,000 


3.^ 


1.02 


4.00 


2.00 


2.00 


195,000 


3.03 


1.025 


4.01 


2.01 


2.00 


5,000 


3.03 


1.02 


4.00 


2.00 


2.00 


200,000 


3.035 


1.03 


4.02 


2.01 


2.00 


5,000 


3.025 


1.02 


4.005 


2.00 


2.00 


205,000 


3.035 


1.03 


4.02 


2.02 


2.00 


5,000 


3.025 


1.02 


4.005 


2.00 


2.00 


210,000 


3.035 


1.03 


4.02 


2.02 


2.00 


5,000 


3.03 


1.02 


4.00 


2.00 


2.00 


215,000 


3.035 


1.03 


4.02 


2.02 


2.00 


5,000 


3.03 


1.02 


4.01 


2.01 


2.00 


220,000 


3.04 


1.035 


4.02 


2.02 


2.00 


5,000 


3.03 


1.025 


4.01 


2.01 


2.00 


225,000 


3.04 


1.04 


4.02 


2.03 


2.00 


5,000 


3.03 


1.03 


4.01 


2.01 


2.00 


230,000 


3.04 


1.04 


4.03 


2.03 


2.00 


5,000 


3.03 


1.03 


4.01 


2.01 


2.00 


235,000 


3.045 


1.04 


4.03 


2.03 


2.00 


5,000 


3.03 


1.03 


4.01 


2.01 


2.00 


240,000 


3.045 


1.04 


4.03 


2.03 


2.00 


5,000 


3.03 


1.03 


4.01 


2.02 


2.00 


245,000 


3.05 


1.05 


4.03 


2.04 


^.01 


6,000 


3.04 


L03 


4.02 


2.02 


2.00 


2^,000 


3.05 


L05 


4.04 


2.04 


2.005 


5,000 


3.04 


1.04 


4.02 


2.02 


2.00 


265,000 


3.06 


1.05 


4.04 


2.04 


2.01 


5,000 


3.04 


1.04 


4.02 


2.02 


2.00 


260,000 


3.06 


1.05 


4.05 


2.04 


2.(E 


5,000 


3.05 


1.04 


4.03 


2.03 


2.00 


265,000 


3.06 


1.06 


4.06 


2.06 


2.01 


5,000 


3.05 


1.04 


4.035 


2.03 


2.00 


270,000 


3.06 


1.06 


4.06 


2.05 
2.08 


2.01 


5,000 


3.05 


1.05 


4.03 


2.00 


275,000 


3.065 


1.065 


4.055 


2.055 


2.01 


5,000 


3.05 


1.05 


4.04 


2.04 


3.00 



306,100 wa8 the breaking load, failure occurring by the rupture of 
the link as shown on figure 1, by line S. 

Figure 2 is a photograph of the apparatus after f ailmre. At this 
load no tendency for the tooth and rack to separate in such a way as 
to get out of engagement was apparent, as shown by the lack of 
change in the measurement LM wnile the apparatus was under load. 
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The following measurement were taken on both sides of the teeth 
before and after the test: 



BEFORE THE TEST. 



■ 


CO. 


DO. 


AN. 


BN. 


LM. 


West 


7:01 
7.01 


5.00 
5.02 


6.01 
6.01 


4.00 
4.00 


2 01 


East 


2 02 








AFTER THE TEST 


• 









West. 
East.. 



7.07 
7.07 



5.07 
5.08 



6.01 
6.00 



4.00 
4.00 



2.06 
2.08 



After the apparatus had been removed from the machine the rack 
and pawl were both examined and no apparent deformation of the 
pawl was found. Evidently all the deformation that occurred had 
taken place in the teeth of the rack. This is also apparent in the 
measurements CO, DO, AN, BN, and LM, taken before and after the 
test. These measurements were taken with the pawl and rack lying 
on a flat surface with their relative positions determined by the dis- 
tances ST and UV, the measurement LM, and also a straight hne 
drawn across the body of the pawl and the rack. The diflPerence in the 
measurement LM before and after the test is due to the fact that the 
tooth D of the rack was forced forward so far that when the two pieces 
were in the correct relative positions after the test this tooth came 
in contact with tooth A, thus preventing it from fitting down to its 
former position between C and t). Figure 3 shows the pawl and rack 
in this relative position after the completion of the test. 

Figures 4 and 5 show the relationship of the load plotted against 
each of the threie measurements E, F, and G, and also the set in each 
of these measurements. The offset between E and F is indicative 
of a bending in the rack showing a tendency for this piece to straighten 
out. This tendency was further emphasized by the pronounced mark 
made on the edge of the rack through the pressure against the pin X, 
while it is comparatively sHght in the cases of the other two pins. 
When it is considered that E is always considerably larger than F 
this evidence is quite conclusive. 

These curves also serve as a check on the first observation of 
deformation of the teeth. The elastic limit was evidently quite near 
160,000 pounds when the first signs of upsetting the teeth were dis- 
covered. It is apparent, however, that these results apply to the 
teeth of the rack and not to the teeth of the pawl, which are appar- 
ently unchanged. 

The physical test of pawl and rack gave the following results: 



PHYSICAL TEST OF PAWL. 



Elastic limit. 


Tensile strength. 


Elongation. 


Contraction. 


Pounds. 

83,080 


Pounds. 
133,800 


Percent. 

16.5 


Per cent. 

54.6 


PHYSICAL TEST OF RACK. 


Pounds. 

46,500 


Pounds. 

02,000 


Percent. 

27.0 


Per cent. 

46.2 
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TESTS OF TWO CAST-STEEL RINGS. 

The rings were tested and the load applied as shown in fig. 1. 
Micrometer reading^s were taken on the two sides of the rings on the 
horizontal and vertical diameters; both internal and external, making 
eight reading under each load. The results are tabulated and also 
shown graphically in figs. 2 and 3. 

Ring A. 
[Inside dla.— 6.748 in. Outside dia.— 10.748 in. Length— 3.998 in.] 



Load. 


Compression, inches, horizontal diameters. 


Internal. 


BxtemaL 


West 
side. 


East 
side. 


Average. 


West 
side. 


East 
side. 


Average. 


£5. 

1,000 

10,000 

20,000 

30,000 

40,000 

Set 1,000 

50,000 

60,000 

70,000 

80,000 

90,000 

100,000 

Set 1,000 

110,000 

Set 1,000 

120,000 

130,000 

140,000 

150,000 

175,000 


0. 

.0021 
.0040 
.0064 
.0084 
.0000 
.0099 
.0121 
.0141 
.0165 
.0179 
.0204 
.0007 
.0225 
.0010 
.0253 
.0287 
.0323 
.0377 
.0781 


0. 
.0018 
.0037 
.0060 
.0078 

-.0001 
.0087 
.0110 
.0132 
.0150 
.0171 
.0194 
.0007 
.0216 
.0010 
.0245 
.0273 
.0315 
.0365 
.0756 


0. 

.0020 
.0039 
.0062 
.0061 
.0000 
.0093 
.0116 
.0137 
.0158 
.0175 
.0199 
.0007 
.0221 
.0010 
.0249 
.0280 
.0319 
.0371 
.0769 


0. 
.0018 
.0043 
.0083 
.0101 

-.0009 
.0127 
.0157 
.0192 
.0212 
.0238 
.0277 
.0013 
.0306 
.0026 
.0338 
.0383 
.0431 
.0497 
.0752 


0. 
.0022 
.0044 
.0081 
.0101 

-.0009 
.0131 
.0146 
.0175 
.0204 
.0230 
.0261 
.0008 
.0290 
.0014 
.0326 
.0365 
.0409 
.0486 
.0831 


0. 

.0020 
.0043 
.0082 
.0101 

-.0009 
.0129 

• .0151 
.0183 
.0208 
.0234 
.0269 
.0010 
.0298 
.0020 
.0332 
.0374 
.0420 
.0492 
.0792 


Load. 


Extension, inches, vertical diameters. 


Internal. 


EztemaL 


West 
side. 


East 
side. 


Avnage. 


West 
side. 


East 
side. 


AvBrage. 


Lb. 

1,000 

10,000 

20,000 

30,000 

40,000 

Set 1,000 

60,000 

60,000 

70,000 

80,000 

90,000 

100,000 

Set 1,000 

110,000 

Set 1,000 

120,000 

130,000 

140,000 

150,000 

175,000 


0. 

.0013 
.0031 
.0051 
.0087 
.0002 
.0080 
.0096 
.0111 
.0127 
.0142 
.0160 
.0006 
.0181 
.0009 
.0202 
.0217 
.0263 
.0307 
.0625 


0. 

.0015 
.0032 
.0060 
.0064 
.0000 
.0074 
.0067 
.0107 
.0128 
.0142 
.0161 
.0008 
.0180 
.0009 
.0199 
.0225 
.0257 
.0300 
.0616 


0. 

.0014 
.0031 
.0050 
.0065 
.0001 
.0077 
.0091 
.0109 
.0127 
.0142 
.0160 
.0007 
.0180 
.0009 
.0200 
.0221 
.0260 
.0303 
.0621 


0. 

.0040 
.0050 
.0060 
.0070 
.0010 
. .0060 
.0090 
.0100 
.0120 
.0140 
.0160 
.0010 
.0170 
.0010 
.0200 
.0220 
.0250 
.0270 
.0620 


0. 

.0010 
.0010 
.0020 
.0050 

-.0010 
.0060 
.0070 
.0090 
.0110 
.0120 
.0130 
.0000 
.0150 
.0000 
.0180 
.0180 
.0240 
.0300 
.0630 


0. 

.0025 
.0030 
.0040 
.0060 
.0000 
.0070 
.0080 
.0095 
.0115 
.0130 
.0145 
.0005 
.0160 
.0005 
.0190 
.0200 
.0245 
.0285 
.0626 



Elastic limit = 90,000 lbs. 

Ultimate strength = 295,200 lbs. 

Ring failed on one side by cracking along horizontal diameter. 

Hardness: Shore = 28; Brinell = 170. 
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OAST-STEEL BIKOS. 

Ring B. 
[Inside dia.-5.749 In. Outside dia.- 10.748 In. I«ngth- 4.000 in.] 



Load. 


Compression, inches, horisontal diameters. 


IntemaL 


ExtemaL 


West 
side. 


East 
side. 


Average. 


West 
side. 


East 
side. 


Average. 


Lb. 

1,000 

25,000 

50,000 

Set 1,000 

75,000 

90,000 

100,000 

110,000 

120,000 

130,000 

140,000 

Set 1,000 

150,000 

160,000 

170,000 

Set 1,000 

180,000 

190,000 

200,000 

220,000 

240,000 


0. 

.0021 
.0047 
.0000 
.0076 
.0091 
.0101 
.0114 
.0123 
.0136 
.0148 
.0004 
.0161 
.0173 
.0191 
.0021 
.0208 
.0225 
.0251 
.0321 
.0442 


0. 

.0025 
.0054 
-.0006 
.0079 
.0096 
.0105 
.0119 
.0129 
.0141 
.0154 
.0006 
.0167 
.0181 
.0196 
.0020 
.0211 
.0232 
.0259 
.0310 
.0450 


0. 

.0023 
.0051 

-.0003 
.0077 
.0004 
.0103 
.0117 
.0126 
.0139 
.0151 
.0005 . 
.0164 
.0177 
.0194 
.0020 
.0210 
.0229 
.0255 
.0316 
.0446 


0. 

.0046 
.0099 
.0004 
.0143 
.0162 
.0182 
.0201 
.0222 
.0241 
.0261 
.0035 
.0285 
.0302 
.0330 
.0053 
.0352 
.0381 
.0413 
.0506 
.0645 


0. 

.0051 
.0007 
.0001 
.0138 

.om 

.0193 
.0212 
.0237 
.0257 
.0279 
.0047 
.0301 
.0321 
.0347 
.0067 
.0372 
.0403 
.0447 
.t)534 
.0687 


0. 

.0048 
.0006 
.0002 
.0140 
.0167 
.0188 
.0206 
.0230 
.0249 
.0270 
.0041 
.0293 
.0312 
.0339 
.0060 
.0362 
.0392 
.0430 
.0521 
.0661 


Load. 


Extension, inches, vertical diameters. 


Internal. 


Externa 


West 
side. 


East 

side. 


Average. 


West 
side. 


East 
side. 


Average. 


Lb. 

1,000 

25,000 

60,000 

Set 1,000 

75,000 

90,000 

100,000 

110,000 

120,000 

130,000 

140,000 

Set 1,000 

150,000 

160,000 

170,000 

Set 1,000 

180,000 

190,000 

200,000 

220,000 

240,000 


0. 

.0018 
.0038 
.0001 
.0064 
.0066 
.0076 
.0063 
.0093 
.0100 
.0108 
.0004 
.0121 
.0129 
.0011 
.0140 
.0155 
.0172 
.0187 
.0233 
.0306 


0. 
.0019 
.0030 
.0000 
.0055 
.0060 
.0078 
.0066 
.0096 
.0106 
.0114 
.0004 
.0126 
.0139 
.0150 
.0014 
.0166 
.0180 
.0199 
.0247 
.0339 


0. 
.0018 
.0038 
.0000 
.0064 
.0067 
.0077 
.0084 
.0094 
.0102 
.0111 
.0004 
.0123 
.0134 
.0145 
.0012 
.0160 
.0176 
.0193 
.0240 
.0332 


0. 

.0020 
.0040 
.0010 
.0060 
.0060 
.0060 
.0070 
.0070 
.0090 
.0090 
.0000 
.0100 
.0110 
.0120 
.0050 
.0140 
.0150 
.0160 
.0190 
.0290 


0. 
.0030 
.0060 
.0020 
.0070 
.0090 
.0090 
.0090 
.0110 
.0120 
.0130 
.0030 
.0150 
.0160 
.0170 
.0030 
.0200 
.0200 
.0200 
.0260 
.0300 


0. 

.0025 
.0045 
.0015 
.0065 
.0075 
.0075 
.0060 
.0090 
.0105 
.0110 
.0015 
.0125 
.0135 
.0146 
.0040 
.0170 
.0176 
.0180 
.0220 
.0296 



«4 



Elastic limit = 130,000 lbs. 

Ultimate strength = 315,000 lbs. 

Ring failed on one side by cracking along horizontal diameter. 

Hardness: Shore = 27; Brinell = 163. 
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GA8T-STEBL BINGS. 



Marks, 2. 

Diameter, 0.506 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Load 
(lb. per sq. 

iXL). 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Suooessiye 
elongation. 


1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
85,000 


In. 

0. 

.0002 
.0005 
.0013 
.0021 
.0026 
.0026 
.0027 
.0028 
.0029 
.0030 
.0032 
.0037 
.0126 
.0144 
.0156 
.0187 


In. 





In. 
0. 
.00010 
.00025 
.00065 
.00105 
.00130 
.00130 
.00U6 
.00140 
.00146 
.00150 
.00160 
.00185 
.00630 
.00730 
.00780 
.00935 


In. 
0. 

.00010 
.00015 
.00040 
.00040 
.00025 
.00000 
.00005 
.00005 
.00005 
.00005 
.00010 
.00025 
.00445 
.00090 
.00060 
.00155 


Tnltfalload. 

Elastic limit. 
Tensile strength. 








































Elongation after fracture, 0.44 in. in 2 in. ==22 per cent. 
Elongation of inch sections^ 0.24 in., 0.20 in. 
Diameter at fracture, 0.43 m. 
^Sectional area. 0.145 sq. in. 
Contraction ol area, 27.4 per cent. 
Position of fracture, 1.20 m. from the neck. 
Appearance of fracture, fine granular, 50 per cent; silky, 50 per 
cent. 



HEATING AND COOLING CURVES. 
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HBATINO AND OOOUKO CUBVBS. 
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HBAUNG AND COOLIKO CUBVB8. 
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TEST OP TOOL STEELS. 
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TEST OF TOOL STEELS TO DETERMINE THE AMO UNT OF DISTORTION 

CA USED B Y HARDENING. 

Specimens of six different steels were tested, marked "R," "S," 
"T/' "U/' "V," and " W." These steels in the annealed condition 
had the f oUowing physical properties : 



Speciiiien. 


Elastic limit. 


Teofiile strength. 


Elongation. 


Contraetion. 




Ubs. per m. inch. 
55,000 


I^. per sq. inch. 


Percent, 


PercenL 


R 


88,430 


30.5 


46.2 


8 


54,500 


90,270 


28.0 


46.2 


T 


20,000 (?) 


88,200 


22.0 


27.4 


U 


60,000 


01,290 


31.0 


64.7 


V 


61,500 


96,500 


27.5 


43.3 


W 


58,500 


104,000 


25. 5 


46.2 



The form of the specimens used for gardening is shown in Fig. 1. 
Each was heated in a muffle furnace and hardened according to 
dh-ections received from the manufacturer. 

Micrometer measurements of each specimen were taken before and 
after hardening. The longitudinal •measurements were taken along 
the perpendicular diameters 3-6 and 2-4 where possible and in 
other cases at points 1 & 5. Measurements of the diameters were 
also taken at these points. 

Measurements to deteAnine the deformation in the axial diameter 
were taken with an Ames dial attached to the tool post of a lathe in 
which the specimen was placed, and readmgs were taken at the points 
2, 3, 4, ana 6j or where necessary at 1 on collars CD, GH, and IK. 
The zero readmg of the dial was taken at point 1 on collar NO. The 
various measurements are given in the tables following: 

Specimen R. 

MEASUREMENTS ALONG LENGTHS, INCHES. 



Points. 


AD. 


AF. 


AH. 


A£. 


Before. 


After. 


Before. 


Aft^r. 


Before. 


After. 


Before. 


After. 


1 


1.388 

1.388 

L388 

1.387+ 

1.388 


1.392 
1.392 
1.392 
L391 
L391 


2.388' 

2.388 

2.388+ 

2.388 

2.388 


2.388 
2.390 
2.392 
2.390 
2.388 


3.544 

3.544 

3.544 

3.543+ 

3.544 


3.538 
3.543 
3.550 
3.543 
3.539 


4.821 

4.820+ 

4.820+ 

4.819+ 

4.820 


4.815 


2 


4.820 


3 


4.827 


4 


4.820 


5 


4.816 






Average 

rhnn^ 


1.388 


L392 
+.004 


2.388 


2.390 
+.002 


3.544 


3.543 
-.001 


4.820 


4.820 
0. 














Points. 


AM. 


AO. 


oc. 


OE. 


Before. 


After. 


Before. 


After. 

• 


Before. 


After. 


Before. 


After. 


1 


5.548+ 

5.548 

5.548 

5.547+ 

5.548 


5.542 
5.546 
5.554 
5.549 
5.544 


6.546 
6.546 
6.547 
6.545 
6.546 


6.538 
6.544 
6.553 
6.548 
6.541 


5.561+ 

5.561+ 

5.561+ 

5.561 

5.561+ 


5.552 
5.556 
5.566 
5.564 
5.570 


4.530 
4.530 
4.530 
4.530 
4.530 


4.523 


2 


4.526 


3 


4.533 


4 


4.532 


5 


4.527 


6 






















Average 

Change.. 


5.548 


5.547 
-.001 


6.546 


6.544 
-.002 


5.561 


5.562 
+.001 


4.530 


4.528 
-.002 








, 
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TBST OF TOOL STEELS. 

Spieimen R^^Contmoed, 

MEASUREMENTS 'ALONG LENGTHS, INCHES-Contlnued. 





Points. 


OG. 


01. 


OL. 




Before. 


Alter. 


BaloiB. 


Aftw. 


B«iQflB. 


After. 


1 










1.098+ 
1.096+ 
1.098 
L096 




2 


3.094 

3.004+ 

3.094+ 


8.096 
3.096 
3.097 


2.663 
2.654 
2.654 


2.662 
2.656 
2.555 


1.097 


3..^ 


1.098 


4 


1.097 


6 




«._ 


8.094 


3.096 


2.554 


2.552 


1.098 


1.097 




Average 






3.094 


3.096 
+.001 


2.554 


2.554 
0. 


1.098 


1.097 




ChansB. . . , r , r 


—.001 















MEASUREMENT OF DIAMETERS, INCHES. 



Diunetsr. 


FG. 


PI. 


KL. 


MN. 


NO. 


Before. 


After. 


Before. 


After. 


BeftMB. 


After. 


Before. 


After. 


IMiftre. 


Afler. 


34) 


0.805 
.805 


0.806 
.806 


0.8U 
.813 


0.814 
.814 


L669 
1.689 


1.691+ 
1.690 


L688 
1.688+ 


1.669+ 
1.690 


1.881 
L881 


1.883 


2A 


1.888 






OhaBfia 




+.001 




+.001 




+.002 




+.001 




+.002 









DIAL INDICATOR READINGS ON COLLAR. 





Poiii<». 


CD. 


IH. 


IK. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


2... 




+0.0002 
-0.0002 
-0.0012 


-0.0010 
+0.0040 
0. 


+0.0010 
+0.0003 
-0.0002 
+0.0003 


-0.0020 
+0.0077 
+0.0030 
-0.0066 


+0.0006 
+0.0004 
+0.0001 
+0.0002 


—0.0015 


3 


+0.0048 


4 


+0.0018 


6 


—0.0043 


1 


0. 


-O.0036 















Specimens. 

MEASUREMENTS ALONG LENGTHS, INCHES. 





Points. 


AD. 


AF. 


AH. 


AE. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


1... 




1.389 

1.389+ 

1.390 

1.390 

1.390 


1.391 
L392 
1.395 
1.393 
1.392 


2.387 

2.387 

2.387+ 

2.387+ 

2.388 


2.387 
2.392 
2.397 
2.393 
2.388 


3.544 
3.544 
3.544 
3.644 
3.544 


3.544 
3.551 
3.560 
3.651 
3.545 


4.820 
4.820 
4.820 
4,820 
4.820 


4.820 


2 ,,,. 


4.826 


3 


4.834 


4 


4.826 


6.., 


4.820 




Average 






1.390 


1.393 
+.003 


2.387 


2.391 
+.004 


3.544 


3.550 
+.006 


4.820 


4.826 
+.006 
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Spedtnen /SM^otttinued. 

MEASX7BX1CENTS ALONG LBN0TH8, IMClIiBB ■ OMttaned. 



Points. 



1. 
2. 
3. 
4. 
6. 
6. 



AM. 



Before. 



5.551 

5.550 

5.551 

5.550+ 

5.551 



After. 



6.661 
6.668 
6.566 
6.568 
6.662 



AO. 



Before. 



After. 



6.647 

6.547 

6.548 

6.647+ 

6.548 



0.560 
0.567 
0.566 
0.567 
0.562 



OC. 



Bdbrs. 



6.662 
6.562 
5.562 
6.562 
6.562 



After. 



6.565 
5.570 
5.573 
5.672 
6.565 



OE. 



Before. 



4.630 

4.630+ 

4.630 

4.630+ 

4.630+ 



After. 



4.634 
4.536 
4.537 
4.536 
4.636 



Average. 
Change.. 



5.551 



5.567 
+.006 



6.547 



6.660 
+.009 



5.562 



5.569 
+.007 



4.530 



4.536 
+.006 





'DAt«.4'a 







0. 


01. 


OL. 




r'OultS. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


1 










' 




2 


3.096 
3.096 
3.095+ 


3.101 
3. 060 

3.ua 


2.666 
2.656 
2.656 


2.669 
2.650 
2.660 


1.100 

1.009+ 

1.099+ 


1.100 


3 


LMO 


4 


1.100 


6 






3.096 


$.101 


2.666 


2.559 


L099+ 


1.099 




AYPm^ ,-r r . , . . . 






3.096 


3.101 
+.005 


2.656 


2.559 
+.004 


1.099 


1.100 




Chaniw 


+.001 




•vmMmmmMfyvm .......■.•.••.... 















MEASUREMENT OF DIAMETERS, INCHES. 



Diaaeter. 


FG. 


m. 


KL. 


MN. 


NO. 


Befefe. 


After. 


Before. 


After. 


Before. 


After. 


Befbfe. 


After. 


Before. 


After. 


3-6 


0.805 
.806 


0.807 
.806+ 


0.811 
.811- 


0.811+ 
.8U 


1.688 
1.088 


1.689 
1.689 


1.688 
1.688 


1.689 
1.600 


1.879 
1.879 


1.880+ 


2-4 


l.i80+ 






Ohangp 




+.002 




0. 




+.001 




+.001 




+.001 









DIAL INDICATOR READINGS ON COLLAR. 



Points. 


CD. 


GH. 


IK. 


Before. 


After. 


BelSore. 


After. 


BeforO. 


After. 


2 


+0.0039 
+0.0040 
+ao040 


+0.0065 

+aoi2i 

+a0049 


+0.0028 
+0.0024 
+0.0029 
+0.0023 


+0.0043 
+0.0106 
+0.00U6 
-a 0036 


+0.0019 
+0.0020 
+0.0022 
+0.0022 


+0.0030 


3 


+0.0077 


4 


+0.0020 





—0.0021 


1 


+0.0041 


+0.0000 
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TEST OF TOOL STEELS. 



Specimen T. 

HEASUBEHENTS ALONG LENGTHS, INCHES. 





Points. 


AD. 


AF. 


. AH. 


AK. 




Before. 


Alter. 


Before. 


Altera 


Before. 


AftRT. 


Before. 


After. 


1 


L388 
L388 
L388 
L388 
L388 


L388 
L390 
1.390 
L389 
1.389 


2.387 

2.388 

2.388 

2.387+ 

2.388 


2.387 
2.389 
2.391 
2.390 
2.386 


3.544 

3.544+ 

3.545 

3.544 

3.544 


3.543 
3.547 
3.550 
3.546 
3.542 


4.820 

4.820+ 

4.820 

4.819 

4.820 


4.818 


2 


4.822 


3 


4.826 


4 


4.822 


5 


4.820 




Average 

nhaiipe 






L388 


1.389 
+.001 


2.388 


2.389 
+.001 


3.544 


3.546 
+.002 


4.820 


4.822 
+.002 



















Points. 


AM. 


AO. 


OC. 


OE. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


1 


5.550 

5.550+ 

5.550 

5.549 

5.550 


5.548 
5.553 
5.557 
5.553 
5.549 


6.548 
6.548 
6.548 
6.548 
6.548 


6.546 
6.550 
6.555 
6.551 
6.547 


5.564 
5.564 
5.564 
5.564 
5.564 


5.564 
5.566 
5.570 
5.568 
5.565 


4.533 

4.533+ 

4.533 

4.533 

4.533+ 


4.533 


2. 


4.534 


3 


4.537 


4 


4.535 


5 


4.534 


6. . , 






Average 

nhaTnee 


















y 


5.550 


5.552 
+.002 


6.548 


6.550 
+.002 


5.564 


5.567 
+.003 


4.533 


4.535 
+.002 














... 





Points. 


OG. 


OL 


OL. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


1 














2 


3.096 
3.096 
3.095+ 


3.096+ 

3.097 

3.097 


2.556 
2.556 
2.556 


2.557 
2.558 
2.557 


1.100+ 

LlOO 

1.100+ 


1.100 


3.. 


1.099 


4 


' 1.100 


5 




Q,,^_« 


3.096 


3.096 


2.556 


2.557 


LlOO 


1.100 




Avwage •. ...i. 






3.096 


3.097 
+.001 


2.556 


2.557 
+.001 


LlOO 


1.100 




Chanee 


0. 















MEASUREMENT OF DLA.METERS, INCHES. 





Diameter. 


PG. 


HI. 


KL. 


MN. 


NO. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


3-4J 


0.805 
.805 


0.805 
.805 


0.810 
.810 


0.810 
.810 


L689 
1.689 


L689 
L689 


1.689 
L689 


L689 
L689 


L878 
1.878 


1.878 


2-4. 


1.878 




Chanire. 








0. 




0. 




0. 




0. 




0. 











DIAL INDICATOR READINGS, ON COLLAR. 



Points. 


CD. 


QH. 


IK. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


2 


+0.0017 
+0.0022 
+0.0024 


+0.0010 
+0.0052 
+0.0044 


+0.0018 
+0.0020 
+0.0030 
+0.0011 


0. 
+0.0049 
+0.0041 
-0.0012 


+0.0010 
+0.0019 
+0.0030 
+0.0020 


+0.0010 


3 


+0.0064 


4 


+0.0041 


6 


0. 


1 


+0.0014 


+0.0010 
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Specimen U. 

MEASUREMENTS ALONG LENGTHS, INCHES. 





Points. 


AD. 


AF. 


AH. 


AK. 




Before. 


After. 


Before. 


Aftar. 


Before. ' 


After. 


Before. 


Aft-er. 


1 '.. 


1.391 

1.391 

1.390 

1.390+ 

1.391 


1.391+ 

1.394 

1.396 

1.394 

1.392 


2.388 
2.390 
2.390 
2.390 
2.388 


2.387 
2.394 
2.399 
2.394 
2.386 


3.548 

3.548 

3.547+ 

3.547+ 

3.548 


3.543 
3.551 
3.558 
3.551 
3.543 


4.822 
4.823 
4.822 
4.822 

4.822+ 


4.818 


2 


4.826 


3 


4.834 


4... 


1 


4.827 


5.., 


4.820 




Average 

Cbanpe 






1.391 


1.392 
+.001 


2.389 


2.394 
+.005 


3.548 


3.549 
+.001 


4.822 


4.825 
+.003 

















1. 

2. 
3. 
4. 
6. 
6. 



Points. 



AM. 



Before. 



5.549 

5.550 

5.549 

5.549+ 

5.550 



After. 



5.548 
5.557 
5.565 
5.558 
5.548 



AO. 



Before. 



6.547 

6.547+ 

6.547 

6.547 

6.547 



After. 



6.547 
6.555 
6.562 
6.555 
6.547 



OC. 



Before. 



5.562 
5.562 
5.562 
5.562 
5.562 



After. 



5.562+ 

5.568 

5.572 

5.568 

5.562 



OE. 



Before. 



4.529 

4.529+ 

4.529 

4.529 

4.529+ 



After. 



4.533 
4.535 
4.536 
4.534 
4.533 



Average. 
Change.. 



5.549 



5.555 
+.006 



6.547 



6.553 
+.006 



5.562 



5.566 
+.004 



4.529 



4.534 
+.006 





Points. 


OG. 


OL 


OL. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


1 














2 


3.092 
3.092 
3.092 


3.098 

3.098+ 

3.098 


2.548 
2.548 
2.548 


2.555 
2.555 
2.555 


L098 
1.098 
1.098 


1.100 


3 


1.100 


4 


1.099 


5 




6.., 


3.092 


3.098 


2.548 


2.555 


1.098 


1.099+ 




Average 






3.092 


3.098 
+.006 


2.548 


2.555 
+.007 


L098 


1.100 




Change 


+.002 















MEASUREMENT OF DLA.METERS, INCHES. 



Diameter. 


FG. 


HI. 


KT/. 


MN. 


NO. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


3-« 


0.805 
.805 


•• 

0.806 
.806 


0.810 
.810 


0.811 
.811 


1.689 
1.689 


1.691 
1.691 


1.688 
1.688 


1.691 
1.690 


1.882 
1.882 


1.885 


a-4 


1.886 






Ci^ange 




+.001 




+.001 




+.002 




+.002 




+.003 









DIAL INDICATOR READINGS, ON COLLAR. 



Points. 


CD. 


GH. 


UL 


Before. 


After. 


Before. 


Alter. 


Btfoie. 


Alter. 


2 


+0.0013 
-0.0010 
-0.0002 


+0.0019 
+0.0066 
+0.0003 


+0.0019 
+0.0003 
+0.0005 
+0.0013 


+0.0023 
+0.0072 
+0.0015 
-0.0034 


+0.0010 

0. 

0. 
+0.0011 


+0.0012 


8 


+0.0048 


4 


+0.0002 


6 


-0.0003 


1 


+0.0022 


-0.0011 












" 
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TEST OF TOOL STEELS. 



ICBASURSMENTS ALOHG LENGTHS, INCRB0. 





Points. 


AD. 


AP. 


AH. 


AK. 




Befinre. 


After. 


Before. 


After. 


jsecoce. 


After. 


Before. 


After. 


1 


1.386+ 

L386 

L386 

L386 

1.386+ 


L387 
L389 
1.390 
L389 
L387 


2.385 
2.385 
2.385 
2.385 
2.385 




2.381 
2.388 
2.391 
2.387 
2.381 


8.542 
3.542 
3.542 
3.542 
3.542 


3.538 
3.546 
3.549 
3.541 
3.538 


4.818 

4.818 

4.818 

4.817+ 

4.818 


4.815 


3 


4.823 


3 


4.826 


4 


4.816 


5 


4.814 




Avorege 

Chftiiw 






L386 


1.388 
+.002 


2.385 


2.386 
+.001 


3.542 


3.542 
0. 


4.818 


4.819 
+.001 




■k^UlSBa^V. .....•• 














Points. 


AM. 


AO. 


OC. 


OE. 




Before. 


After. 


BeRiro. 


After. 


Before. 


After. 


Before. 


After. 


1 


5.543 
6.543 
5.543 
5.543 
5.543 


5.541 
5.549 
5.551 
5.543 
5.540 


6.541 
6.541 
6.541 
6.541 
6.541 


6.539 
6.548 
6.551 
6.542 
6.538 


5.559 
5.559 
5.559 
5.559 
5.559 


5.558 
5.563 
5.564 
5.558 
5.558 


4.528 
4.528 
4.528 
4.528 
4.528 


4.532 


2 


4.533 


9 


4.532 


4 


4.528 


5 


4.531+ 


e.., 






Average 

OhMige 




















5.543 


5.545 
+.002 


6.541 


6.543 
+.002 


5.559 


5.560 
+.001 


4.528 


4.531 
+.003 


. 
















Points. 


- 


OG. 


01. 


OL. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


1 














2 


3.093 
3.093 
3.093 


3.096 
3.095 
3.095 


2.552 
2.552 
2.552 


2.553 
2.554 
2.554 


1.096 
1.098 
1.098 


1.009 


3 


1.099 


4... 

6... 




■»»••■■>• 


L099 


6 - 


3.093 


3.095+ 


2.552 


2.553 




1.098 


1.098 




A,V6r8fi!0- • 


- 






3.093 


3.096+ 
+.002 


2.552 


2.554 


1.098 


1.099 




Chfuiff^ 




.4-.nm 



























tfEASUREMENTB OF DLLMETERS, INCHES. 



DiEuneter. 


FG. 


HI. 


KT*. 


IfN. 


NO. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


9^ 


0.80B+ 
.805+ 


0.806 
.806 


0.811 
.811 


0.811 
.811 


L688+ 
1.688+ 


L690 
L690 


1.689 
1.689 


1.'690 
1.690 


1.881 
L881 


1 880 


2^ 


1 881 






rnhtfim 




0. 




0. 




+.001 




+.001 


■ 


+.001 


->r^n_.aQV. ...... 





DIAL INDICATOR READINGS, ON COLLAR. 



Points. 


CD. 


GH. 


IK. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


*. 


+O.OOQS 
+O.O0M 
+0.0002 


+0.5075 
+0.0097 
+0.0025 


-O.O0Z7 

— O.MK 
-0.00S3 


+0.0030 
+0.0026 
-0.0059 
-0.00S9 


-0.0004 
-O.OO06 
—0.0006 
-0.0001 


+0.0031 


1::. .::;::;:::;::::::::::::::: 


% : 


». 


-^ (in 


1......... 


+0.0003 


+0.0013 








I 


1 
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Specimen W. 

KEASUREMENTS ALONG LENGTHS, INCHES. 





Points. 


AD. 


AF. 


AH. 


A^. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


1 


1.390 
1.390 
1.390 
1.390 
1.390 


1.390 

1.390 

1.390 

1.390+ 

1.390 


2.390 
2.390 
2.390 
2.390 
2.390 


2.390 

2.390 

2.390 

2.390+ 

2.390 


3.546 
3.546 
3.546 
3.546 
3.546 


3.546 
3.546 
3.546 
3.546 
3.546 


4.820+ 

4.820+ 

4.820 

4.820 

4.820 


4.820 


2 


4.820 


3 


4.820 


4 


4.820 


6 


4.820 




Ay6i^[e 

Change 






1.390 


1.390 
0. 


2.390 


2.390 
0. 


3.5« 


3.546 
0. 


4.820 


4.820 
0. 


















Points. 


AM. 


AO. 


OC. 


OS. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


1 


5.548 

5.548+ 

5.548 

5.548 

5.548 


5.548 
5.548 
5.549 
5.549 
5.548 


6.545 

6.545+ 

6.545+ 

6.545+ 

6.545 


6.546+ 

6.546 

6.547 

6.547 

6.546 


5^560 

5.560 

5.560+ 

5.560+ 

5.561 


5.562 
5.562 
5.562 
5.562 
5.562 


4.529 
4.529 
4.529 
4.529 
4.529 


4 529 


2 


4 529 


3 


4 529 


4 


4 529 


5 


4 530 


6 - 






Average 

Ch^mge , . 




















5.548 


5.548 
0. 


6.545 


6.546 
+.001 


5.560 


5.562 
+.002 


4.529 


4.529 



















Points. 




OG. 


01. 


OL. 




Before. 


After. 


Before. 


After. 


Befixre. 


After. 


1 














2 


3.093 
3.093 
3.093 


3.092+ 
3.092+ 
3.092 


2.552 
2.552 
2.552 


2.553 
2.553 
2.553 


1.099 
1.099 
1.099 


1.098+ 
1.098+ 
1.098+ 


3 


4 


5 


6 


3.093 


3.092 


2.552 


2.553 


1.099 


1.096+ 




Average 






3.093 


3.092 
—.001 


2.552 


2.553 
u-.nni 


1.099 


1 008 




fihiinge 




_ nni 



























MEASUREMENTS OF DIAMETERS, INCHES. 





Diameter. 


FG. 


HI. 


KL. 


MN. 


NO. 




Before. 


After. 


Before. 


Aftw. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


3-6 


0.806 
.806 


0.806 
.806 


0.810 
.810 


0.810 
.810 


1.688 
1.688 


1.688+ 
1.688+ 


1.689 
1.689 


1.689 
1.689 


1.886 
1.886 


1.886 
1.886 


2-4 




Ch^ilW^ 






0. 




0. 




0. 




0. 
















DIAL INDICATOR READINGS, ON COLLAR.* 



Points. 


CD. 


GH. 


IK. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


2 


-0.0DQ7 

+o.oon 

+0.0026 


0. 
+0.0029 
+0.0033 


+0.0005 
+0.0018 
+0.0023 
+0.0013 


+0.0009 
+0.0029 
+0.0027 
+0.0011 


+0.0007 
+0.0015 
+0.0017 
+0.0009 


+0.0009 
+0.0020 
+0.0019 
+0.0009 


3 


4 


6 


1 


0. 

t 


+0.0003 
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TEST OF TOOL STEELS. 



OONGLUSIONS. 

From the average of the measurements AO it will be seen that all 
the specimens except R increased in length oyer all. Specimen R 
decreased 0.002 incn^ while the increments varied as follows: 

W 0.001 in. 
V 0.002 in. 
T 0.002 in. 
U 0.006 in. 
S 0.009 in. 

From the inspection of the other measurements it will be seen that 
specimen W showed the least deformation. This is true of the varia- 
tion in axial diameter as well as the change in longitudinal measure- 
ments. Specimens T, V, and R showed about equal deformations, 
not excessive, while specimens U and S showed deformations much 
greater than any of the others. 



SQUARE STEEL WIRE. 
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SQUABE STEEL WIBB. 
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SQUABE STEEL WIBE. 98 

TESTS TO DETERMINE THE EFFECT OF THE STRAIOHTENim 
RECEIVED BY THE WIRE WHILE PASSING THROUGH THE WIRE- 
WINDING MACHINE. 

The specimeoB were desimated as follows : 
B, C, and D: Wire direct from the reel. 
E, F, Q^ and H: Wire which had passed through the winding 

machine but had not been wound on the gun. 
I, J, K, and L : Wire which had been wound on a tube 30.75 in. 

in diameter. 
M, N, O, and P: Wire which had been woiind on a tube lOJ in. 
in diameter. 
All spedmene from E to F inclusive, had been subjected to a winding 
tension of 55,000 lbs. per sq. in. All the specimens were tested with- 
out straightening^ except that the ends were straightened as much 
as was necessary 'm order to place the specimen in the machine. 

Average values only are plotted in Fig. 1. Curve 1-S is the mean 
curve of the sets of B, C, and D ; and 1-E is the similar mean curve of 
elongation of the same specimens. Similarly, 2-S and 2-E are the 
mean curves for E, F, G, and H ; 3-S and 3-E for I, J, K, and L; and 
4-S and 4-E for M, N, O, and P. 
Marks, B, C, and D. 
IMmensiona, 0.1260 by 0.1262 in. 
Sectional area, 0.015901 sq. in. 
Gauged length, 20 in. 
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SQUABB STEBL WIBE. 





Tensile 

strength 

(lb. per sq. in.). 


Elongation after fracture. 


Dimensiona at 
fracture. 


B.. . . 

C 

D.... 


197,400 
193,200 
195,000 


0.60 in. in 20 in.—S.O per cent 


0.0968X0.0971 in. 
0.0963X0.0967 in. 
0.0934X0.0952 in. 


0.50 in. in 20 in.— 2.5 per cent 


0.62 in. in 20 in.— 3.1 per cent 







Sectional area. 


Contraction 
of area. 


Positiott of fracture. 


B.... 

C 

D.... 


8q. in, 
0.0094 
.0093 
.0089 


Percent. 
40.9 
41.4 
44.0 


• 

1.35 in. inside gauge marks. 
6.37 in. inside gauge marks. 
7.00 in. inside gauge marks. 



Appearance of fracture: 

B. Silky. 

C. Fine silky, cup shaped. 

D. Fine silky, cup shaped. 

Marks, E, F, G, and H. 
Dimensions, 0.1260 x 0.1262 in. 
Sectional area, 0.015901 sq. in. 
Gauged length, 15 in. 



Load 
Gb. per 


Per inch. 


I 


Elongation, Inches. 






Set, inches. 






sq. in.). 




















• 


"E." 


"F." 


"G." 


"H." 


Aver- 


"E." 


"F." 


"G." 


"H." 


Aver- 












age. 










age. 


6,000 
10,000 


0.00022 
.00022 










0.000 
.00002 










0.00032 


0.00019 


0.00017 


0.00022 


-0.00001 


-0.00001 


0. 


0. 


15,000 


.00041 


.00062 


.00039 


.00038 


.00046 


0. 


0. 


- .00001 


0. 


0. 


20,000 


.00061 


.00086 


.00066 


.00064 


.00064 


.00004 


.00005 


0. 


0. 


.00002 


25,000 


.00080 


.00105 


.00076 


.00073 


.00083 


-.00001 


.00009 


0. 


0. 


.00002 


30,000 


.00096 


.00127 


.00093 


.00090 


.00101 


.00006 


.00014 


0. 


.00001 


.00005 


35,000 


.00122 


.00147 


.00113 


.00110 


.00123 


.00006 


.00014 


.00003 


.00001 


.00005 


40,000 


.00139 


.00168 


.00133 


.00131 


.00142 


.00006 


.00020 


0. 


.00005 


.00007 


45,000 


.00153 


.00186 


.00161 


.00149 


.00169 


.00006 


.00021 


0. 


.00006 


.00008 


50,000 


.00174 


.00208 


.00171 


.00169 


.00180 


.00006 


.00026 


.00005 


.00007 


.00010 


66,000 


.00191 


.00227 


.00190 


.00190 


.00199 


.00007 


.00026 


.00007 


.00009 


.00012 


60,000 


.00213 


.00250 


.00208 


.00213 


.00221 


.00007 


.00029 


.00007 


.00024 


.00016 


65,000 


.00233 


.00267 


.00232 


.00227 


.00239 


.00008 


.00031 


.00009 


.00029 


.00019 


70,000 


.00263 


.00290 


.00249 


.00261 


.00260 


.00010 


.00033 


.00012 


.00031 


.00021 


75,000 


.00274 


.00313 


.00269 


.00273 


.00282 


.00013 


.00039 


.00012 


.00033 


.00024 


80,000 


.00299 


.00338 


.00299 


.00294 


.00307 


.00014 


.00042 


.00018 


.00037 


.00028 


85,000 


.00319 


.00369 


.00319 


.00316 


.00328 


.00017 


.00046 


.00020 


.00037 


.00030 


90,000 


.00346 


.00382 


.00340 


.00339 


.00361 


.00021 


.00052 


.00026 


.00041 


.00034 


95,000 


.00371 


\ 


f .00366 


.00366 


.00367 


.00028 




f .00031 


.00046 


.00036 


100,000 


.00396 


Eun by 
through 


.00393 


.00389 


.00392 


.00033 


Run by 
througn 


.00042 


.00061* 


.00042 


105,000 


.00421 


.00419 


.00414 


.00418 


.00039 


. .00066 


.00068 


.00050 


110,000 


.00452 


error. 


m XMj'i^xy 


.00443 


.00447 


.00047 


error. 


.00068 


.00065 


.00060 


115,000 


.00481 




.00479 


.00476 


.00478 


.00066 




.00081 


.00074 


.00070 


120,000 


.00513 


.00663 


.00627 


.00601 


.00623 


.00063 


.00100 


.00081 


.00081 


.00081 


125,000 


.00548 


.00687 


.00661 


.00637 


.00668 


.00080 


.00113 


.00093 


.00094 


.00096 


130,000 


.00584 


.00619 


.00699 


.00669 


.00692 


.00092 


.00126 


.00111 


.00109 


.00109 


135,000 


.00623 


.00666 


.00634 


.00610 


.00630 


.00106 


.00139 


.00126 


.00125 


.00124 


140,000 


.00661 


.00696 


.00681 


.00650 


.00669 


.00126 


.00166 


.00144 


.00139 


.00140 


145,000 


.00707 


.00738 


.00721 


.00699 


.00716 


.00146 


.00171 


.00167 


.00164 


.00162 


150,000 


.00768 


.00790 


.00787 


.00761 


.00771 


.00173 


.00216 


.00201 


.00192 


.00196 


155,000 


.00809 


.00836 


.00836 


.00807 


.00821 


.00202 


.00227 


.00231 


.00226 


.00221 


160,000 


.00863 


.00898 


.00911 


.00666 


.00884 


.00236 


.00261 


.00274 


.00269 


<00267 


165,000 


.00937 


.00966 


.00991 


.00939 


.00968 


.00277 


.00300 


.00326 


.00305 


.00302 


170,000 


.01012 


.01046 


.01072 


.01020 


.01037 


.00331 


.00353 


.00383 


.00359 


.00366 


176,000 


.01120 


.01139 


.01187 


.01139 


.01146 


.00403 


.00416 


.00469 


.00441 


.00432 


180,000 


.01240 


.01271 


.01336 


.01265 


.01277 


.00490 


.00517 


.00681 


.00547 


.00533 


186,000 


.01407 


.01437 


.01650 


.01420 


.01463 


.00630 


.00652 


.00761 


.00668 


.00677 



SQUABE STEEL WISE. 





TetuUGBlniiglb 
Ob.per»q.ln.). 


EloojaUoD nftet fracture. 


Dliimudonsattracture. 


|: 

H. 


199,250 
198, 7« 


oiiainilnlS 


In SOMToent 


0.09« 10.0951 In. 

o:aM6Ko:^in: 














™are«.™ 


Faiiioa at Iructnn. 


E. 

1 


IS 

0.00903 


Percent. 

li 


6.25 in. Uulde gsuge msrtg. 
l.OD In. ouUde of gauge maiks. 
3.TS In. iDBlde gauge maikB. 
4.30 In. Indde gsuge nurka. 



Appearance of fracture: 

E. Fine silky. 

F. Fine ailky. 

G. Fine silky. 

H. Fine sil^, cup shaped. 

Marks, I, J, K, and L. 
Dimensiona, 0.1260 x 0.1262 in. 
Sectional area, 0.015901 sq. in. 
Gauged length, 15 in. 



0.0X00 I 
.00039 

.anno 



.oorm 

,00113 ■ 
.00131 



.00002 
.00005 I 

.00006 

.00007 - 



.oona 
.nm5 

.OOQCS 



.ODSfS 

.00598 
.OOtST 
.00687 
.00738 
.00600 
.00873 
.00990 
.01947 



.00315 

! 00257 
.00278 
.00296 
.00320 
.00346 
.00367 
.00391 
.00414 

! 00467 
.00493 
.00521 



.01020 
.01133 
,01293 
.01E07 



.00010 
! 00012 



.00045 

!ooo59 

!00CS5 
! 00125 
! 00180 

'.txxm 



.000)4 
! 00067 
! 00104 



.00421 
! 00679 
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Tfiivslle 
(lb. per sq. in.). 


Elonsatjon after firaeture. 


Dimensfons at 
firaetore. 


I 

J 

K.... 
L.... 


196,290 
195,000 
197,990 
196,480 


0.45 in. in 15 in.'^S Dercent 


0.0951x0.0964 in. 
0.0961x0.0956 in. 
0.0972x0.0961 in. 
0.0940x0.0938 in. 


0.31 in. in 15 in.* 2.1 uer cent 


0.27 in. in 15 in.— 1.8 par cent 


0.31 in. in 15 in.— 2.0yi>er cent 







Sectional area. 


Contraction 
of area. 


Position of fracture. 


I 

J 

K.... 
L.... 


8q. in, 
0.00907 
0.00017 
0.00934 
a 00681 


Per cent, 
42.9 
42.3 
41.2 
44.5 


2.70 in. inside of gauge marks. 
1.50 in. outside oi gauge marks. 
1.40 in. outside of gauge marks. 
1.15 in. outside of gauge marksL 



Appearance of fracture: 
I. Fine silky. 
J. Fine silky. 
K. Fine silky. 
L. Fine silky. 

Marks, M, N, O, and P. 

Dimensions, 0.1260 x 0.1262 in. 

Sectional area, 0.015901 sq. in. 

Gauged length of specimens M, N^ land O, 20 in. 

Gauged length of specimen P, 15 in. 



Load 




• 






Per inch. 




























' 


(lb. per 




Elongation, inches. 




» 


i 


3et, inches. 




sq. in.). 






















M. 


N. 


0. 


P. 


Average. 


M. 


N. 


o. 


P. 


Average. 


5,000 
10,000 






















0.00023 


0.00024 


0.00032 


0.00011 


0.00022 


0.00001 


0.00004 


0.00003 


-0.00008 


0. 


15,000 


.00046 


.00050 


.00056 


.00028 


.00045 


.00001 


.00005 


.00006 


- .00010 


-.00001 


20,000 


.00065 


.00072 


.00079 


.00046 


.00065 


.00001 


.00006 


.00007 


- .00010 


.00001 


25,000 


.00084 


.00089 


.00100 


.00065 


.00084 


.00003 


.00007 


.00009 


- .00010 


.00002 


80,000 


.00100 


.00111 


.00121 


.00085 


.00104 


.00005 


.00007 


.00012 


- .00008 


.00004 


35.000 


.00127 


.00132 


.00141 


.00114 


.00128 


.00006 


.00009 


.00014 


- .00006 


.00005 


40.000 


.00145 


.00151 


.00160 


.00124 


.00145 


.00009 


.00011 


.00016 


- .00006 


.00007 


45,000 


.00165 


.00172 


.00183 


.00146 


.00166 


.00012 


.00013 


.00020 


- .00003 


.00010 


50,000 


.00185 


.00194 


.00206 


.001G5 


.00187 


.00014 


.00013 


.00025 


0. 


.00013 


55,000 


.00207 


.00212 


.00226 


.00187 


.00208 


.00016 


.00015 


.00028 


.00003 


.00015 


60,000 


.00229 


.00235 


.00247 


.00208 


.00229 


.00015 


.00021 


.00030 


.00006 


.00018 


65,000 


.00250 


.00259 


.00270 


.00230 


.00252 


.00017 


.00025 


.00036 


.00008 


.00021 


70,000 


.00271 


.00279 


.00293 


.00253 


.00273 


.00022 


.00026 


.00038 


.00009 


.00023 


75,000 


.00293 


.00302 


.00315 


.00275 


.00296 


.00026 


.00030 


.00042 


.00013 


.00027 


80,000 


.00316 


.00323 


.00340 


.00300 


.00319 


.00029 


.00030 


.00046 


.00016 


.00030 


85,000 


.00339 


.00342 


.00368 


.00319 


.00342 


.00032 


.00033 


.00051 


.00020 


.00034 


90,000 


.00360 


.00363 


.00390 


.003.50 


.00365 


.00035 


.00035 


.00058 


.00027 


.00038 


95,000 


.00390 


.00384 


.00416 


.00372 


.00390 


.00042 


.00036 


.00064 


.00029 


.00042 


100,000 


.00417 


.00405 


.00445 


.00405 


.00418 


.00050 


.00040 


.00068 


.00039 


.00049 


105,000 


.00446 


.00434 


.00472 


.00429 


.00445 


.00059 


.00046 


.00080 


.00046 


.00057 


110,000 


.00476 


.00462 


.00501 


.00460 


.00474 


.00070 


.00055 


.00090 


.00054 


.00067 


115,000 


.00510 


.00492 


.00531 


.00489 


.00505 


.00081 


.00064 


.00099 


.00069 


.00075 


120,000 


.00543 


.00536 


.00564 


.00526 


.00539 


.00094 


.00076 


.00110 


.00077 


.00069 


125,000 


.00577 


.00559 


.00598 


.00560 


.00573 


.00106 


.00089 


.00121 


.00089 


.00101 


130,000 


.00617 


.00594 


.00634 


.00505 


.00610 


.00124 


.00105 


.00139 


.00106 


.00118 


135,000 


.00660 


.00631 


.00673 


.00635 


.00649 


.00145 


.00120 


.00160 


.00123 


.00137 


140,000 


.00711 


.00675 


.00711 


.00679 


.00604 


.00172 


.00141 


.00185 


.00141 


.00159 


145,000 


.00752 


.00720 


.00757 


.00728 


.00739 


.00195 


.00163 


.00206 


.00167 


.00182 


150,000 


.00609 


.00767 


.00811 


.00777 


.00791 


.00225 


.00186 


.00238 


.00195 


.00211 


155,000 


.00869 


.00822 


.00865 


.00841 


.00849 


.00265 


.00220 


.00269 


.00233 


.00246 


160,000 


.00947 


.00895 


.00939 


.00905 


.00921 


.00312 


.00259 


.00310 


.00269 


.00287 


165,000 


.01029 


.00961 


.01022 


.00979 


.00997 


.00367 


.00310 


.00356 


. .00321 


.00388 


170,000 


.01139 


.01051 


.01130 


.01069 


.01097 


.00451 


.00371 


.00430 


.00383 


.00408 


175,000 


.01269 


.01154 


.01243 


.01185 


.01212 


.00550 


.00445 


.00620 


.00467 


.0049$ 


180,000 


.01481 


.01292 


.01389 


.01347 


.01377 


.00724 


.00553 


.00640 


.00593 


.00627 


185,000 


.01781 


.01466 


.01604 


.01554 


.01601 


.00973 


.00695 


.00818 


.00704 


.00812 
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* 


Tensfle strength 
(lb. per sq. in.). 


Elongation after fracture. 


Dimensions at fracture. 


M.... 
N.... 

0.... 
P.... 


195,440 
197,030 
195,890 
196,900 


0.66 in. in 20 in.— 2.8 per cent 


0.0942 X 0.0936 in. 
0.0962 X 0.0963 in. 
0.0965 X 0.0960 in. 
0.0968 X 0.0962 in. 


0.62 in. in 20 in.«»2.6 per cent 


0.48 in. in 20 in.— 2.4 per cent 


0.30 in. in 15 in.a2.0 per cent 







Sectional area. 


Contraction 
of area. 


Position of fracture. 


M.... 
N.... 

0.... 
P.... 


Sq. in. 
0.00880 
0.00926 
0.00926 
0.00931 


Percent. 
44.6 
41.7 
41.7 
41.4 


7.75 in. from one gauge mark. 
1.36 in. from one gauge mark. 
8.40 in. from one gauge mark. 
0.25 in. from one gauge mark. 



Appearance of fracture: 

M. Fine silky. 

N. Fine silky, cup shaped. 

O. Fine silky. 

P. Fine silky, cup shaped. 



Tabulation. 





Tensfle 
strength 
(lb. per 
sq. in.). 


Elasticlimit 
(lb. per sq. in.). 


Per cent 

elongation 

between 20,000 

and 100,000 

lbs. per 
square inch. 


Contraction 
of area 

(per cent). 


Wire from reel 


195,200 
198,630 
196,420 
196,320 


65,000 to 85,000.... 
75,000 to 100,000... 
80,000 to 95,000.... 
80,000 to 96,000.... 


0.182 
0.224 
0.226 
0.191 


42.1 


Between wiie-winding machine and gun. . 
From 30.75-in. cylinder 


42.9 
42.7 


From lOf-in. cylinder 


42.4 







59W— H. Doc. 404, 63-^ 
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LoaaU-lbs. 
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TENSILE TESTS OF VARIOUS METHODS OF SECURING ROPE IN 

DETERMINING ITS TENSILE STRENGTH. 

Material: 3-strand manila rope. Two coils, each one piece, were 
used. 



Diameter 

Area of circle of above diameter 
Circumference 




Coil'^N. 



»» 



0.84 in. 
0.554 sq. in. 
2.50 in. 



Methods of fasfening (see Fig. 1) : 

A. Eye spUce, with two tucks on each strand. 

B. Eye spUces, with four tucks on each strand. The first two 

tucks made with the full section of strand. For the third 
about one-third of the section was cut away, and for the 
fourth another third. This produced a splice which 
tapered gradually to the diameter of the rope Ibetween the 
splices. 

C. Special fixture. 

D. Bowline knot. 

E. SUp knot. 

F. Two turns around pins and the ends seized to standing part. 

G. Fisherman's bend. 

H. Roxmd turn and half hitch. 
I. Glove hitch. 



Samples taken from coil "J/." 



Number. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 



Kind 


Length 
of speci- 
men. 


Length 
between 
Imots or 
ends of 
splices. 


length 
requfred 
for 2 fas- 
tenings. 


Time 
required 
to make 
2 fasten- 
ings. 


Tensile strength. 

* 


of fas- 
tening. 


Total. 


Per 
sq. in. 




Ft, in. 


In. 


Ft. in. 


Min. 


Lb. 


Lb. 


A 


5 3 


18 


3 9 


15 


4,920 


8,670 


A 


5 3 


18 


3 9 


15 


4,550 


8,020 


A 


5 3 


18 


3 9 


15 


4,500 


7,940 


B 


5 6 


18 


4 


35 to 40 


5,200 


9,170 


B 


5 6 


18 


4 


35 to 40 


4,200 


7,400 


B 


5 6 


18 


4 


35 to 40 


4,910 


8,640 


C 


12 6 


18 


11 


5 


3,225 


5,690 


C 


12 6 


18 


11 


5 


3,080 


5,430 


C 


12 6 


18 


11 


5 


3,120 


5,500 


D 


7 6 


18 


6 


4 


2,400 


4,230 


D 


7 6 


18 


6 


4 


2,090 


3,680 


D 


7 6 


18 


6 


4 


2,270 


4,000 


E 


6 6 


18 


5 


3to6 


3,380 


5,960 


£ 


6 6 


18 


5 


3to5 


3,060 


5,400 


E 


6 6 


18 


5 


3to5 


2,856 


5,030 


F 


6 6 
8 6 


18 

18 


5 

7 




2,346 
2,448 


4,140 
4,310 


G 


15 to 20 


H 


8 6 


18 


7 


10 to 15 


2,856 


5,040 


I 


11 6 


42 
Sample U 
coil' 


8 
iken from 


3 


3,600 


6,350 


A 


5 


11 


4 


15 


4,720 


8,520 


B 


5 


11 


4 


35 to 40 


5,180 


9,350 


I 


11 6 


42 


6 


3 


3,700 


6,680 



Parted. 



1 strand at end of splice. 

Do. 
Do. 
Do. 
Do. 
Do. 

2 strands in the fixture. 

Do. 
Do. 

1 strand at short bend. 

Do. 

2 strands at short bend. 
1 strand at the bight. 

1 strand at the pin. 

2 strands at the pin. 

Do. 

1 strand at the bight. 

2 strands at the bight. 
1 strand at the bight. 



1 strand at the splice. 

Do. 
1 strand at the bight. 
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HOPE FA^ENINGS. 103 

Specimens 7, 8, and 9, special fixture, and specimens 13, 14, and 
15, slip^ knot, slipped continuously until rupture occurred. 

Specimen 16 supped so that it was necessair to reseize the end 
three or four times before it held. This took about two hours after 
the load was appUed for the first time. 

The results are shown graphically in Figs. 2, 3, and 4, which war- 
rants the conclusion that eye splices are tne most satisfactory, con- 
sidering the high strength which they develop in the specimen. The 
cost, abo, is not excessive when compared with many of the fasten- 
ings which require much more rope to make. Even with the eve 
spuces the full strength of the rope is not developed, as shown by the 
fact that the^ fracture almost always occurs at the inside end of the 
spUce. Possibly not more than 95 per cent of the strength is devel- 
oped in most cases. 

The weakness of these fastenings appears to be caused by the low 
strength of rope at bends of small radius. This conclusion is borne 
out by a study of the dijagrams and the strength developed by each. 
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TENSILE TESTS OF STEEL SPECIMENS FOR THE 
PURPOSE OF STANDARDIZING TESTING 

MACHINES. 
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TESTS FOB STANDABDIZING TESTING MACHINES. 

Test 308. 

Albert & J. M. Anderson Mfg. Co. Works, South Boston, Mass. 



Marks. 


Diameter. 


Sectional 
area. 

8q. in. 
0.50 
.499 
.50 


Elastic limit. 


Tensile strength. 


Ekxigatlon in 8 
inches. 


Load. 


Stress fib. 
per sq. m.). 


Load. 


Stre^ (lb. 
persq.in.). 


Inches. 


Percent. 


2 
4 
6 


In. 

0.7960 
.7973 
.7980 


Lb. 
22,032 
21,828 
22,642 


44,064 
43,717 
45,084 


Lb. 
38,148 
38,454 
38,556 


76,296 
77,003 
77,112 


L90 
2.01 
L83 


23.8 
25.0 
22.9 











Diam- 


Con- 




Marks. 




Elongation in inch sections. 




eter at 
frac- 
ture. 


trac- 
tion of 
area. 


Appearance of 
fracture. 




In. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


P. a. 




2 


0.15 


0.19 


0.25 


10.56 


0.25 


0.19 


0.17 


0.14 


0.55 


52.5 


Fine silky. 


4 


.17 


.21 


.27 


1.55 


.25 


.22 


.20 


.14 


.54 


54.1 


Fine silky; cup shaped. 


6 


.15 


.18 


.23 


1.54 


.27 


.17 


.15 


.14 


.54 


54.2 


Fine silky. 



1 Inch section in which fracture occurred. 

Test 401. 

Gulick- Henderson Co., BaUey-Farrell Building, Pittsburgh, Pa. 



Marks. 


Diameter. 


Sectional 
area. 


Elastic limit. 


Tensile strength. 


Elongation in 2 
incdies. 

i 


Load. 


Stress (lb. 
per sq. in.). 


Load. 

Lb. 

15,198 
14,994 
15,096 
14,688 
14,994 
14,790 


Stress (lb. 
persq.in.). 


Inch. 


1 

Percent. 

1 


2 
4 
6 
8 
10 
12 


In. 

0.5041 
.5022 
.5038 
.5000 
.5021 
.4992 


Sq. in. 
0.1995 
.1980 
.1993 
.1963 
.1979 
.1957 


Lb. 

8,976 

8,568 

8,670 

8,466 

8,772 

8,670 


44,990 
43,270 
43,500 
43,120 
44,320 
44,300 


76,180 
75,720 
75,740 
74,820 
75,760 
75,570 


0.54 
.58 
.60 
.57 
.57 
.55 


27.0 , 

29.0 

30.0 ' 

28.5 

28.5 

27.5 



Marks. 


Elongation in 
inch sections. 


Diameter 

atfrao- 

ture. 


Contrac- 
tion of 
area. 


Appearance of fracture. 


2 
4 

6 

8 

10 

12 


In. 

0.17 

1.39 

1.25 

1.28 

1.41 

1.29 


In, 
10.37 

.19 
1.35 
1.29 

.16 
1.26 


In. 

0.36 
.36 
.36 
.37 
.36 
.37 


P.ct. 
49.0 
48.6 
51.7 
45.2 
51.3 
45.0 


Fine silky. 
Do. 
Do. 
Do. 
Do. 
Do. 



1 Inch section in which fracture occurred. 



TESTS FOB STANDABDIZIN6 TESTING MAGHIKES. 

Test 407. 

Detrick A Harvey Machine Co.^ BaUimore^ Md. 



HI 



Marks. 


Diameter. 


Sectional 
area. 


Elastic limit. 


Tensile strength. 


Elongation in 2 
inches. 


Load. 


Stress (lb. 
per sq. in.). 


Load. 


Stress (lb. 
persq. in.). 


Inch. 


Percent. 


2C. W. 
4C. W. 


In. 

0.5068 
.5068 


8q. in. 
0.2009 
.2009 


U). 

8,976 

8,364 


44,670 
41,630 


Lb. 

12,036 

12,036 


59,910 
59,910 


0.76 
.74 


37.0 



Marks. 


Elongation in 
inch sections. 


Diameter 
at frac- 
ture. 


Contrac- 
tion of 
area. 


Aiq)earance of firacture. 


2C. W. 
4C. W. 


In. 
10.39 

1.48 


In. , 

10.37 

.26 


In. 
0.32 
.29 


Percent. 
59.9 
67.1 


Fine silky. 
Do. 



1 Inch section in which fracture occurred. 



Test 445. 

John A. Roebling^s Sons Co.^ Trenton, N. J. 



Marks. 


Diameter. 


Sectional 
area. 


Elastic limit. 


Tensile strength. 


Load. 


Stress (lb. 
persq. in.). 


Load. 


Stress (lb. 
persq. in.). 


2 

4 

6 

8 

10 


Inch. 
0.5043 
.5043 
.5041 
.5048 
.5048 


Sq.in 
0.1997 
.1997 
.1996 
.1991 
.1991 


Lb. 

10,690 

10,200 

10,300 

10,500 

10,200 


53,530 
51,070 
51,600 
52,730 
51,230 


Lb. 
17,740 
17,660 
17,640 
17,720 
17,640 


88,830 
88,380 
88,370 
89,000 
88,590 



Maries. 


Elongation in 
2 inches. 




In. 


Percent. 


2 


0.50 


25.0 


4 


.52 


26.0 


6 


.50 


25.0 


8 


.51 


25.5 


10 


.48 


24.0 



Elongation in inch 
sections. 



In. 

10.26 
1.30 
1.25 
1.26 
1.25 



In. 
0.24 
.22 
.25 
.25 
.23 



Diameter 


Contrac- 


at frac- 


tion of 


ture. 


area. 


In. 


Percent. 


0.42 


30.6 


.41 


33.8 


.42 


3a6 


.42 


90.4 


.43 


S7.0 



Appearance of fracture. 



Fine silky. 
Do. 
Do. 
De. 
Do. 



1 Inch secticm in which fracture occurred. 
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TESTS FOR STANDARDIZING TESTING MACHINES. 



Test 387. 

Isthmian Canal Commission, Panama. 



Marks. 


Diameter. 


Sectional 
area. 


Elastic limit. 


Tensile strength. 


Elongation in 2 
inches. 


Load. 


Stress (lb. 
per sq. in.). 


Load. 


Stress (lb. 
persq.in.). 


Inch. 


Percent. 


1 

3 

5 

7 

9 

11 


In. 

0.5050 
.5060 
.5060 
.5061 
.5050 
.5050 


8^. in. 
0.20 
.20 
.20 
.20 
.20 
.20 


Lb. 

10,000 
9,792 
9,690 
9, 996 

10,098 

10,098 


50,000 
48,960 
48,450 
49,980 
50,490 
50,490 


U. 

19,278 

19,074 

18,870 

19,278 

20,094 

20,196 


96,390 
05,370 
94,350 
96,390 
100,470 
100,980 


0.49 
.51 
.53 
.51 
.50 
.50 


24.5 
25.5 
26.5 
25.5 
25.0 
25.0 



Marks. 


Elongation in 
Inch sections. 


Diameter 
at frac- 
ture. 


Contrac- 
tion of 
area. 


Appearance of fracture. 




In. 


In. 


In. 


Percent. 




1 


10.28 


10.21 


0.40 


37.2 


Silky. 
Do. 


3 


1.33 


.18 


.36 


49.1 


6 


1.35 


.18 


.35 


51.9 


Do. 


7 


,18 


1.33 


.36 


49.1 


Do. 


9 


.20 


1.30 


.35 


51.9 


Do. 


11 


1.29 


.21 


.38 


43.3 


Silky trace of granulation. 



1 Inch section in which fracture occurred. 



Test 471. 

Carpenter Steel Co., Reading , Pa. 



Marks. 


Diameter. 


Seciional 
area. 


Elastic limit. 


Tensile strength. 


Elongation in 2 
inches. 


Load. 


Stress fib. 
persq.in.). 


Load. 


Stress (lb. 
persq.in.). 


Inch. 


Percent. 


2 
4 
6 
8 
10 


In. 

0.5053 
.5062 
.5060 
.5062 
.5051 


8g. in. 
0.2005 
.2004 
.2003 
.2004 
.2004 


Lb. 
10,800 
10,900 
10,700 
11,200 
11,100 


53,860 
54,990 
53,410 
55,880 
55,380 


Lb. 
19,600 
19,700 
19,600 
20,100 
20,000 


97,750 
98,300 
97,850 
100,290 
99,800 


0.40 
.43 
.38 
.39 
.39 


20.0 
21.5 
19.0 
19.5 
19.5 



Marks. 


Elongation in 
inch sections. 


Diameter 
at frac- 
ture. 


Contrac- 
tion of 
area. 


Appearance of fracture. 


2 

4 

6 

8 
10 


In. 

0.21 

.26 

.20 

.28 
.22 


In. 

0.19 

.17 

.18 

.11 
.17 


In. 

0.43 

.42 

.4A 

.4i 
.44 


P.ct. 

21. b 

30.8 

24.0 

34.1 
24.1 


Fine granular 75 per cent, amorphous 25 per 

cent. 
Fine granular 40 per cent, amorphous 60 per 

cent. 
Fine granular 60 per cent, amorphous 40 per 

cent. 
Amorphous trace of granulatk>n. 
Fine granular 50 per cent, amorphous 50 per 

centV 



TESTS FOB STANDARDIZING TESTING MACHINES. 
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Test 516. 

The Midvale Steel Co.^ Philadelphia, Pa. 



Marks. 


Diameter. 


Sectional 
area. 


Approx. elastic limit. 


Tensile strength. 


Load. 


Stress (lb. 
persq. in.). 


Load. 


Stress (lb. 
I)ersq. in.). 


Al 
A3 
A5 
B4 
B6 


In. 

0.5031 
.5041- 
.5040 
.5043 
.5046 


8q. in. 
0.1988 
.1996 
.1995 
.1997 
.2000 


Lb. 

16,500 

16,900 

17,000 

16,800 

17,000 


82,990 
84,660 
85,210 
84,120 
85,000 


Lb. 

20,900 

21,200 

21,300 

21,100 

21,100 


105,130 
106,210 
106,760 
105,650 
105,500 



Marks. 


Elongation in 
2 inches. 


Elongation in 
inch sections. 


Diam- 
eter at 
frac- 
ture. 


Contrac- 
tion of 
area. 


Appearance of fracture. 




In. 


P.ct. 


In. 


In. 


In. 


P.ct. 




Al 


0.55 


27.5 


10.40 


0.15 


0.28 


69.0 


Fine sUky, serrated. 


A3 


.51 


25.5 


.18 


1.33 


.29 


66.9 


Do. 


A5 


.54 


27.0 


.16 


1.38 


.30 


64.6 


Do. 


B4 


.54 


27.0 


1.41 


.13 


.28 


69.2 


Do. 


B6 


.53 


26.5 


1.34 


.19 


.29 


67.0 


Do. 



1 Inch section in which fracture occurred. 
5994^— H. Doc. 404, 63-2 8 



CORDAGE. 
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CORDAGE. 



Soft braided linen line. 



Diameter. 


Length 
between 
fixtures. 


Breaking 
strength. 


Parted. 


In. 
0.17 
.18 


In. 

24.00 

20.00 


Us, 
324 
324 


At the fixture. 



Manila rope (3 strand). 
[Samples prepared for testing with eye splices at the ends and wet before testing.] 



Nominal size. 



Diam- 
eter. 



In. 



1 

2 



Circum- 
ference. 



In. 



6 

6 

8 



th 



sample. 



Ft. In. 

18 



18 





18 





18 





18 






18 3 

18 

18 

17 10 
17 



io| 



17 

17 6 

18 I 

17 91 

18 
18 1 



Length 
between 
splices. 



Ft. In. 
6 
6 2i 
6 



6 
6 








6 
6 



6 
6 
6 
6 
6 
6 
6 
6 














WeiEht 
sample. 



Lbt. Oz 
11 
1 
2 
2 
2 
3 
3 
3 
4 



3 
5 
5 
19 
20 
20 
35 



6 
2 
3 
3 
13 
14 
12 

11 

8 







Break- 
ing 
length. 



Ft. 
40,582 
30,109 
37,895 
31,268 
35,383 
30,637 
27,871 
24,960 
26,304 
24,106 
31,460 
24,818 
23,549 
29,534 
33,930 
24,100 



Circum- 
ference. 



In. 

1.20 

1.65 

2.00 

2.15 

2.07 

2.85 

2.85 

2.85 

2.90 

2.85 

3.20 

3.45 

6.55 

6.65 

7.05 

9.05 



Diam- 
eter. 



In. 

0.38 

.52 

.625 

.67 

.66 

.95 

.93 

.92 

.93 

.93 

1.04 

1.12 

2.12 

2.17 

2.39 

2.95 



Section- 
al area. 



Sq.in. 
0.113 
.21 
.307 
.362 
.342 
.709 
.679 
.665 
.679 
.68 
.849 
.985 
3.53 
3.70 
4.49 
6.83 



Nominal size. 



Diam- 
eter. 



In. 



1 
2 



Circum- 
ference. 



In. 



3 



6 
6 

8 



Tensile strength. 



Load. 



Lbs. 

1,550 

2,300 

4,500 

3,800 

4,300 

6,400 

6,000 

5,200 

5,900 

6,600 

8,800 

7,800 

24,800 

33,200 

37,700 

46,900 



Stress 
(lb. per 
sq. in.). 



13,717 

10,952 

14,658 

10,790 

12,573 

9,027 

8,835 

7,819 

8,689 

9,706 

10,360 

7,918 

7,025 

8,972 

8,396 

6,860 



Parted. 



1 strand 
1 strand 
1 strand 
1 strand 
1 strand 
1 strand 
1 strand 
1 strand 
1 strand 
1 strand 
1 strand 

Do. 
1 strand 

Do. 
1 strand 

Do. 



28 in. from end of splice, 
at the middle of length. 
3 in. from end of spUce. 
10 in. firom end of splice, 
at middle. 

28 in. from end of splice. 
22 in. from end of splice. 

14 in. from end of splice. 
22 in. from end of splice. 

15 in. frt>m end of splice, 
at the splice. 

12 in. from end of splice. 

18 in. from end of splice. 



WIRE ROPE. 
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WniB BOPB. 



Wire rope. 
[Rope prapand for taBting with okxMd sockets at the ends.] 



Marks. 



Tilkr mpe 

Hoisting rope 

Crocible cast-steel hoistiiig roi>e 

(}aly anized 

Cnidble cast^teel holstixig rope 

Plow steel 

Flexible plow steel 

Plow steel, extra flexible 

Extra pliable 

Do 



Nominal 

■ixe. 
diameter. 



In. 






1 
1 



Length 
between 
sockets. 



Ft. in. 

5 9| 

5 8 

9 10 

9 6 

9 6 

9 71 



9 

14 

9 



4 
3 



9 4) 



Actual 

sise, 

diameter. 



In. 
0.28 
0.59 
0.58 
0.80 
0.80 
0.95 
0.92 
0.95 
1.06 
1.05 



Number 

of 
strands. 



6 
6 
6 
6 
8 
8 
8 
6 
6 



Number 
of wires 

per 
strand. 



19 
19 
19 
19 
19 
19 
19 
37 
37 



Marks. 



Tiller rope 

Hoisting rope 

Crucible cast4teel hoist- 
ing rope. 

Galvanized 

Crucible cast«teel hoist- 
ing roi>e. 

Plow steel 

Flexible plow steel 

Plow steel, extra flexible 

Extra pliable 

Do. 



0. 



Diameter 
of wire. 



In. 



082-.043 
0.0410 

0.06 
,042-. 068 

0.048 
0.047 
0.048 
0.048 
.045-. 055 



Core. 



Hemp. 
...do.., 

...do... 
...do.., 

Sisal.. 
...do.. 
Hemp. 
...do.. 
. ..do.. 



Breaking 
strength. 



Lbs. 
4,200 
26,500 
26,600 

43,600 
38,200 

56,100 
57,900 
59,400 
85,600 
80,200 



Parted. 



5 strands, 21 inches fh>m end of socket. 
4 strands at end of socket. 

3 strands, 30 inches from end of socket. 

1 strand, 27 inches from end of socket. 

3 strands, 36 inches from end of socket. 

6 strands at end of socket. 

4 strands, 12 inches firom end of socket. 

5 strands, 6 feet from end of socket. 
3 strands at the middle. 

3 strands, 37 inches from end of socket. 



CHAIN. 
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CHAIN. 
Chain. 



Diameter 
of wire. 


Num- 
ber of 
IfnJrs. 


Outside 

length of 

linlcTf. 


Outside 

width of 

linlrs. 


Tensile 
strength. 


Manner of failure. 


In. 
0.27 
0.42 
0.47 

0.47 

0.47 

0.49 

0.53 

0.63 

1.64 


7 

7 

21 

16 

10 

7 
13 
12 

3 


In. 
1.34 
2.02 
2.30 

2.30 

2.30 

2.44 

2.47-2.34 

3.00-2.74 

7.25 


In. 
0.89 
1.37 
1.57 

1.57 

1.57 

1.60 

1.80-1.72 

2.12-2.04 

5.45 


Lb. 
7,660 
16,932 
6,900 

7,800 

8,200 

15,900 

16,200 

23,600 

166,400 


Fractured first link of chain at the quarter. 
Fractured the third link of chain at weld. 
Fractured the fifth link of chain along weld 

at welded end. 
Fractured the sixth link of chain along weld 

at welded end. 
Fractured the second link of chain at the 

welded end. 
Fractured the second link of chain at the 

weld. 
Fractured the second link of chain at the 

quarter welded end. 
Fractured the first link of chain at the 

quarter welded end. 
Fractured the middle link at the quarter at 

welded end. 



RUBBER. 
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BUBBEB. 
Rubber. 





Tbiclr- 
ness. 


Width. 


Sec- 
tional 
area. 


Tensile strength. 


Elongation in 2 
inches. 


Marks. 


Load. 


Stress 
(lb. per 
sq. in.). 


Inches. 


Percent. 


Bead rabber 


In. 
0.39 
0.44 
0.46 
0.48 
0.48 
0.48 
0.48 
0.48 
0.49 
0.49 
0.50 
0.52 
0.54 
0.55 
0.58 
0.58 


In. 
1.00 
0.98 
0.98 
1.00 
1.02 
0.96 
0.99 
0.95 
0.98 
0.98 
0.98 
0.91 
1.01 
1.00 
1.00 
0.97 


8q. in. 
0.39 
0.43 
0.451 
0.48 
0.49 
0.46 
0.475 
a46 
0.48 
0.48 
0.49 
0.47 
0.54 
0.55 
0.58 
0.56 


Lb. 
405 
215 
291 
295 
220 
268 
453 
281 
202 
224 
298 
360 
469 
267 
481 
385 


1,038 
600 
646 
614 
449 
682 
963 
611 
420 
467 
608 
786 
868 
467 
829 
687 






Coverins rubber 


2.20 
4.20 
3.86 
4.46 
6.16 
6.36 
4.25 
1.70 
4.75 
4.06 
3.64 
3.95 
4.06 
5.50 
4.62 


110.0 


Do.. 


210. (T 


Do 


192.5 


Do 


r**?- 5 


Do 


257.5 


H<»d foimdftt^on 


267.5 


Covering rubber 


212.5 


Do..™.. ^:::::::::. :.:::: 


85.0 


Do 


237.5 


Do 


202.5 


Do 


182.0 


Do 


197.5 


Do 


202.6 


Do 


276.0 


Do 


231.0 
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BRASS AND BRONZE. 



Seamless dravm'brass tubing. 
TENSILE TEST. 



Length of 
sample 
overall. 


Width. 


Average 
Thickness. 


Sectional 
area. 


Tensile strength. 


Elonga- 
tion. 


Total. 


Lbs. per 
sq. in. 


In. 
22.00 


In. 
1.601 


In. 
0.282 


Sq. in. 
0.423 


Lb8. 
17,200 


40,661 


PercetU. 
40.0 



BENDING TEST. 



The ends of the test pieces were bent cold througn an angle of 180° 
around a diameter eaual to twice the thickness of the pipe without 
showing signs of cracks or flaws. 



Tobin bronze. 



Dimensions. 


Sectional 
area. 


Tensile strength. 






Appearance of 
liractiire. 


ThicV- 
ness. 


Width. 


Total. 


Lbs. per 
sq. in. 


Elongation. 


In. 
0.251 

.316 
.316 

.746 
.761 
.761 
.623 


In. 
1.0 

1.016 

1 

.908 
1.001 
1 

. 999 


Sq. in. 
0.261 

.320 
.316 

.745 
.762 
.751 
.622 


Lbt. 
16,900 

14,100 
19,000 

42,400 
60,800 
65,200 
40,200 


63,300 

44)060 
60,100 

66,900 
67,600 
73,600 
64,600 


Inches. 
In 2 in., 0.63... 

In 6 in., 0.94... 
In 4 in., 1.36... 

In 2 in., 0.64... 
In 2 in., 0.72... 
In 2 iQ., 0.61... 
In 2 in., 0.67... 


Percent. 
In 2 in., 31.6... 

In 6 in., 16.6... 
In 4 in., 33.76.. 

In 2 in., 32.0... 
In 2 in., 36.0... 
In 2 in., 26.5... 
In 2 in., 33.6... 


Uniform light yel- 
low. 

Llghtyellow. 

Uniform light yel- 
low. 
Do. 
Do. 

Light yellow. 

Uniform light yel- 
low. 
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HOSE. 



Pneumatic hose. 



TUBE TEST. 



Gauged length of 2 inches laid off on each sample; stretched to 6 
inches for 10 minutes and strain removed. 



Marks. 



7-ply ^inch 
7-ply f-iEich 



Wklth. 


Length. 


Pffmanflat 
set. 


In. 


In. 


In. 


1.00 


0.00 


0.64 


1.00 


0.00 


.36 


1.00 


6.00 


.63 


1.00 


6.00 


.24 



FRICTION TEST. 



ICarks. 

• 


Unwound 

in 10 
minnteB. 


7-ply i-inch 


In. 
2.85 
2.88 
2.90 
2.25 
2.90 
2.85 
1.45 
1.50 


Do 


Do 


7-ply Hn«h 


Do !!!!... 


Do 





GALVANIZED RINGS. 
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GALVANIZED BINGS. 



TENSILE TEST OF GALVANIZED RINGS. 



Ta<dde 


Diameter 


Breaking 


Tnside Diameter 


Breaking 


diameter. 


of wire. 


strength. 


diameter. of wire. 

1 


strength. 


In, 


In. 


Lb. 


1 

In. In. 




Lb. 


1.00 


0.20 


2,550 


1.00 


.17 


2,351 


1.04 


.17 


893 


1.02 


.16 


734 


1.00 


.17 


1,336 


1.02 


.16 


1,046 


1.00 


.18 


1,476 


1.00 


.17 


1,943 


1.00 


.17 


1,842 


.99 


.17 


1,239 


1.00 


.18 


984 


1.00 


.17 


1,204 


1.00 


.18 


057 


1.00 


.17 


069 


1.00 


.18 


779 


1.00 


.17 


2,071 


1.00 


.18 


721 


1.00 


.17 


1,206 


1.00 


.18 


2,060 


1.00 


.18 


2,670 


1.02 


.16 


400 


1.00 


.18 


094 


1.00 


.17 


2,305 


1.00 


.17 


620 


1.00 


.18 


765 


1.00 


.19 


492 


1.00 


.18 


1,316 
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MISCELLANEOUS. 



TENSILE TEST OF A ROUND STEEL BAR FOR BOLT MATERIAL 



Length of bar over all, 18.76 in. 



Marks. 


Diameter. 


Sectional 
area. 


Elastic limit. 


Tensile strength. 


Load. 


Stress nb. 
persq.m.). 


Load. 


Stress (lb. 
persq.in.). 


15 T... 


In. 
0.818 


Sq. in. 
0.525 


Lb. 
27,600 


52,570 


Lb. 
45,600 


86,860 



Elongation 
in 8 in. 



In. 

L78 



P.ct. 
22.2 



Elongations in inch sections. 



In. 
0.14 



In. 
0.17 



In. 
0.14 



In. 
0.18 



In. 
0.16 



In. 
0.21 



In. 
0.25 



In. 
»0.53 



Diameter 

atfrao- 

tore. 



In. 
0.56 



1 Inch section in which fracture occurred. 



Appearance of fracture, fine silky, cup shaped. 



Contrac- 
tion of 
area. 



P.ct. 
53.1 



•N 
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Gun 



Specimens shoum in/ieccoy ocdCine 
Mvere prepqrecl /i»^ JWcroaooplc. 



Specimens sfiown by cross/iCtMinO' 
were /br TTsnscon SppQimens. 
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TESTS OF TREPANNED RINGS FROM 12-INCH GUN 

Figure 1 shows the relative location of the rings in the gun and the 
distance of each from the muzzle. In laying off the specimens No. 1 
was located at the bottom. This was done by selectmg the portion 
showing the greatest wear, which was very marked near the breech 
and almost imperceptible at the muzzle. When the first cut w^^ 
made in these rings the diameter was measured and compared with 
the original outside diameter. 





Diameter 


Diameter 




Ring. 


before 


after 


Difference. 




cutting. 


catting. 






In. 


In. 


In. 


A 


12.983 


12.842 


0.141 


B 


12.981 


12.822 


.169 


c 


12.986 


12.790 


.195 


D 


12.980 


12.704 


.276 


E 


12.970 


12.677 


.393 



In all cases the rings sprung together and the amount was much 
CTeater for the breech rings than the muzzle rin^. The hardness of 
the various portions of these rings by the file, the Brinell machine, and 
the Shore scleroscope gave the following results: 



Specimen. 


Sckiosoope. 


File. 


Brinell. 


Land. 


Groove. 


Back. 


Land. 


Groove. 


Back. 


Groove. 


Back. 


A 


33 
34 
38 
47 
48 


27 
28 
33 
43 
48 


31 
31 
31 
32 
30 


H. 
H. 
H. 
H. 
H. 


H. 
H. 
H. 
H. 
H. 


S. 
S. 
8. 
S. 
8. 


192 
166 
187 
187 
187 


170 
156 
170 
149 
149 


B 


C 


D 


E 





H-Haid. S-Soft. 



The land is in each case harder than the groove for the scleroscope 
readings, although slightly softer near the muzzle. The fact that the 
groove near the muzzle is softer than the back for the scleroscope 
reaxlings is believed to be due to the deposit of copper and powder 
residue. Effort was made to remove this, but it was found impossible 
to do so entirely. 

Sections the width of each ring and of a length corresponding to 
about four grooves and five lands were cut from each ring for micro- 
scopical examination. Each specimen was prepared for examination 
by polishing (1) a part of the face opposite the land and grooves, 
(2) a face parallel to the axis of the gun and running through a land 
near the driving edge, (3) and a face normal to the axis. These sec- 
tions are referred to as A, B, C, D, and E, beginning with the muzzle 
end and running back toward the firing chamber. 
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The surface erosion was greatest in section E and diminished pro- 

¥ressively toward the muzzle end, as shown in photograph No. 1. 
his photograph shows characteristically the appearance of each sec- 
tion. In section E there has been a very consiaerable flow of metal, 
and the cracks do not appear to be so numerous as in section D. In 
section D there are not only extensive transverse cracks, but also 
very extensive longitudinal cracks, the latter being particularly 
noticeable at the bases of the lands. In photograph No. 2, showing 
the faces normal to the axis, the cracks at the bases of the lands, i. e., 
the junction of the lands and grooves, are particularly evident in sec- 
tions C and D. In section C there is no pronounced direction to the 
cracks, but the lands and the central portions of the grooves show a 
crackled appearance. 

In section B the cracks are not so evident. There is some roimding 
of the lands, and the driving edge shows some cracks. 

In section A the lands and grooves are clean-cut, with cracks only 
on the firing edge of the lands. 

The depth of crack varies irregularly in each section and somewhat 
r^ularly in sections proceeding from A to E, increasing in depth 
toward the firing chamber. Tne number of cracks, however, does 
not vary in the same wav. In section E, where the greatest erosion 
has taken place, the smallest number of cracks appear. 

The greatest depth of crack appears in section D, in which meas- 
urement showed values as follows: 

Inch. Inch. 

0. 036 0. 033 

.051 .042 

.030 .029 

The width of these same cracks at the mouth of the crack varied 
from 0.015 to 0.001 in.; the width halfway back varied between 
0.001 and 0.007 in. In section E the depth varies between 0.024 and 
0.39 in. Li section C the average depth of crack is only a trifle less 
than in D, but the width is not nearly so great as in D. 

In section B the depth and width both diminish, and in A there 
are no cracks visible on the face normal to the axis. On the face 

garallel to the axis, cut along the driving edge, there are a number of 
ne cracks approximately 0.01 in. in depth. These cracks are sharp 
and clean, wnile in section D, where they are slightly deeper, they 
are considerably wider, due to erosion. 

Sections B, C, D, and E show a hard layer of metal on the face cut 
normal to the axis. AU sections show the hard layer on the face 
parallel to and along the driving edge. The depth of the layer on 
the face normal to the axis varies as loUows: 

Inches. 

A, 

B, 0.0004 
G, .0008 

D, .0013 

E, .0015 

On the driving ed^e of section A there- is just the beginning ol a 
hardened layer which is about 0.0001 in. in thickness. 

Photographs Nos. 3, 4, 5, 6, 7, and 8 show the hard layer 'with 
cracks breaking through. Photograph No. 3 shows the characteristic 
appearance of the driving edge of section A. The hard layer is not 
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PHOTOGRAPH NO. 5, UNETCHEO. SECTION D. X50. 



PHOTOGRAPH NO. 3. ETCHED. SECTION A, X50. 
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visible, as it is quite impossible to have the extremely thin layer and 
the crack in focus at the same time. The metal has been etched, and 
shows a good sorbitic structure. 

In photograph No. 4, taken from section C, is shown the etched 
structure, sfightly abnormal, a crack, and a portion of the hard layer, 
which is mXd in red ink. ' i' 

In photographs Nos. 6 and 6, taken from section D, is seen more 
distinctly the hard layer, with its accompanying cracfa. Both sur- 
faces are unetched. 

In photograph No. 7, magnified 100 diameters, is shown the hard 
layer and a crack developed at the junction of a land and groove. In 
etching the normal structure of the metal is developed very readily, 
while 9ie structure of the hard layer is developed only with difficulty. 
Consequently, in this photograpn the hard layer is shown as ahnost 
structureless. That the hard layer has a distinct structure of its 
own is shown in photograph No. 8, taken from section E. 

Attempts were made to cut out portions of the hard layer for 
chemical analysis, but the efforts were unsuccessful. The metal was 
too hard to be taken from the rifled surface and the layer too thin to 
be taken from the rear. Conclusions can not be drawn, therefore, 
as to the amount of carbon contained in the hard laver. 

To account for the hardening and cracking of the rifled surface, 
three theories seem plausible, and these will be discussed separately. 

The surface may be hardened in a mamier similar to the hardening 
of a tool steel, i. e., it may be heated by the combustion of the powder 
to a temperature above the critical temperature, say above 720*^ C, 
and the great mass of metal back of this thin layer would suffice to 
extract the heat so as to cool the steel so rapidly through the critical 
range that hirdness of the layer which had reached a temperature 
above the critical range would result. 

The steel so hardened would be brittle and without any plasticity, 
and the friction of the rushing projectile might easily produce a series 
of incipient cracks, which would in time develop m size and extent. 

The evidence in favor of this view is not conclusive, and is rather 
against it than for it. There can be no doubt of the high tempera- 
tiu'e produced by the combustion of the powder, but the velocity of 
the explosive wave is so great that there would be only a brief interval 
through which the heat might be communicated to the metal. To 
raise the metal to the required temperature would require a number 
of rounds of firing, and the body of the tube being considerably 
heated, the process would really be a hardeuiug followed by a tem- 
pering process giving a fairly soft metal, '^^surf ace is, however, 
glass hard wherever it is found. Definite evidence m regard to the 
temperature of the metal ia various parts of the tube is lacking, and 
imtii further evidence is obtained no satisfactory conclusions can be 
drawn. 

The microscopic structure of steel hardened by heating through 
the critical raii^e and quenching is characteristic, but no such struc- 
ture can be produced in this hard layer by any of the standard reagents 
commonly used for this purpose. 

The second method bv which hardness may be produced is by a 
process similar to wire-arawing and commonly referred to as ''cold 
work." It is a well-known fact that even the most ductile of metlJs. 
such as gold, platinum, etc., will lose their plasticity and become hard 
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and brittle when subjected to drawing, hammering, etc. In wire- 
drawing it becomes necessary to frequently anneal the metal in order 
to restore the plasticity, and. thus prevent it from cracking or break- 
ing. This phenomenon is common not only to the ductile metals, but 
is also a property of the more brittle metals, such as antimony, and 
of minerals, such as crystallized calcite, etc. 

The mechanism of tnis action has been studied in detail by Beilby. 
and an interesting r6siun6 of his work will be f oimd in his presidential 
lecture on ** The hard and soft states of metals," deUvered in 1911 
before the Institute of Metals. According to Beilby, a surface skin 
may be built up by mechanical movement, which gives immistakable 
evidence that tne surface must have passed through a state in which 
it must have possessed the perfect mobility of a Uquid. This surface 
possesses distmctive properties which differentiate it from the sub- 
stance beneath it. Hardening thus results from the formation at 
all the internal surfaces of slip or shear of mobile layers similar to 
those produced on the surface by mechanical movement. These 
layers only retain their mobiUty for a brief period, and then solidify 
in a vitreous, amorphous state, cementing together all of the surfaces 
of shp or shear throughout the mass. 

Such a surface produced by pohshing, burnishing, drawmg, ham- 
mering, or cold work of any kind possesses the property of hardness 
and brittlenes9. This layer may be restored agam to its natural 
state by annealing, which destroys the vitreous character of the layer 
and converts the metal again into its ormnal crystalline, ductile state. 

By the application of this idea to the rifling of a gun we have a 
simple explanation of the hardening and cracki^ of the surface. By 
the passage of the rotating band of the projectile over the rifled 
surface the surface of the steel is caused to now in a mobile layer, 
and when solidification takes place it is in the vitreous or hard fonn. 
After the hard layer has passed a certain critical depth the mobiUty 
is no longer transmitted through it when force is appUed by the 
moving projectile, and the only dtemative is for cracks to result from 
this force. 

The evidence seems almost conclusive that the hard layer and the 
cracks are produced by this process rather than by heat alone. The 
microscopical evidence also favors this view.^ In photograph No. 8, 
the hardened layer, etched with alcoholic nitric acid, is seen to be 
distinctly vitreous and not martensiti^ as would be the case were the 
layer produced by heating and quenching. 

This theory also accounts for the fact that in section E, where there 
is undoubtedly the greatest amount of heat, there are the smallest 
number of cracfe. At the higher temperature there is greater plas- 
ticity of the metal, and consequently there is greater opportunity for 
the cracks to fill up by flow of metal. The friction in this portion of 
the gun would necessarily be produced by the great rush of gases. 

The third method by which nardness may be produced is by increas- 
ing the amount of carbon on the surface of the metal. This might 
wdl be caused by a cementation process from the ^ases producecTin 
the combustion of the powder. This would necessitate a very high 
percentage of carbon. Inasmuch as the hard layer is so thin and so 
difficult to do anything with, no direct evidence has been obtained. 
This method woiud best account for the fact that the hard layer is 
thickest in the firing chamber 
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PHOTOGRAPH NO. +. ORIGINAL GUN STEEL. X50, 



MICROSCOPIC EXAMINATION OF A SERIES OF STEELS SUBJECTED 

TO EROSION TESTS AT SAND Y HOOK. 

1. Microscopic examination was made from each of the four original 
steels and photographs of each are herewith submitted. 

Photograph No. 1 shows the structure of the steel marked ''Amor- 
phous." It is truly amorphous in structure and is troostitic in 
character, etching very darkly, showing only traces of the usual 
sorbitic structure. 

Photo^aph No. 2 shows the structure of the small-arm steel. It 
shows a homogeneous mixture of troostite changing to sorbite, with 
some lighter appearing patches, which on further tempering would 
have changed mto the darker etching material. 

Photograph No. 3 shows the nickel-steel structure inade up of 
sorbitic pearUte with excess ferrite. The grain is somewhat coarse, 
indicating a fairly unsatisfactory heat treatment. 

Photograph No. 4 is made from the gun steel and shows a homo- 

?3neous soroitic structure with only small amounts of free ferrite. 
he heat treatment has been satisfactory. 

Considering the composition of each steel, the structures are about 
what one would, expect by oil treating and tempering, with the pos- 
sible exception of the nickel steel, which shows coarser granulation 
than is desirable. 

2. Microscopic examination was made also of each of these steels 
after having been subjected to the erosion tests. Great changes in 
structure have taken place on the inner portion of the tubes. The 
greatest change has taken place in the nickel steel. 

3. Each steel has developed a hardened inner layer, partially due 
to the flow of metal alone, but more particularly to the change in the 
form of carbon. There was ako a development of heat cracks, the 
greatest development taking place where there has been the greatest 
change in the form of carbon. 

4. The change of structure is best illustrated in^ the nickel steel. 
In photograph No. 5 is shown the structure of the inner edge of the 
nickel-steel tube. Three distinct structures are seen. ^ On tne firing 
side, into which a crack has developed, the structure is that charac- 
teristic of a completely hardened steel, and is known as martensite. 
At higher ma^nincations this appears as a mass of needle-like crystals 
interpenetratmg each other at an angle of about 60°. In this area, 
which is 0.015 mch in width, all of the carbon is in the ''hardening" 
carbon form. 

Beyond the martensite is a uniform layer of troostite of approxi- 
mately the same width. This layer is less hard, but somewhat 
harder than the original steel. Li it the carbon has been partially 
transformed from the "hardening" into the "carbide'' state. This 
is an intermediate transition stage between martensite and sorbite. 

The third structure is that of sorbite similar to the original steel, 
but not showing the granulation of the original. The carbon has 
still further transformed into the "carbide'' state. Had the carbon 
been completely transformed into "carbide" carbon, the structure 
would have been that of pearlite. Sorbite is, therefore, a transition 
form between troostite and pearlite. 

Similar changes have taken place in the small-arm steel, only to a 
smaller extent, the respective widths of the martensite and troostite 
areas being, respectively, 0.004 and 0.006 inch. 
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In the amorphous steel the martensite area is missing, but troostite, 
approximately 0.005 inch in width, appears on the firing edge. 

The gun steel showed a very thm area of troostite, approximately 
0.003 inch in width. 

5. The cause of the changes in structure and the corresponding 
changes of carbon form is due to the heating of the metal above the 
critical temperature, and the different rates of cooling from these 
temperatures. In order to form martensite, the steel must be heated 
to above the critical temperature and rapidly cooled. With more 
slow cooling troostite results. 

6. A very important influencing factor is the position of the 
critical transformation point. It is a well-known fact that some ele- 
ments raise this I)oint, while others lower it. Among the elements 
which raise the critical temperature is chromium. Nickel and man- 
ganese both have a tendency to lower this point. Ck)nsequently in a 
nickel steel the chances of producing martensite at a given tempera- 
ture are greater than in a steel where no nickel is found or where 
chromium occurs. In the nickel steel there is the combined influence 
of the 1.65 per cent of nickel and the rather high per cent (0.785) of 
manganese. With both of these elements tending to lower the critical 
temperature, the hard and brittle martensite is easily formed. 

7. In the amorphous and small-arm steels there is the counteracting 
influence of chromium and nickel, the ratio of nickel to chromium 
being about the same, and the nickel exerting a greater influence 
than chromium, but there is the added influence of a larger amount of 
manganese in the smaU-arm steel. It would, therefore, be expected 
that the small-arm steel would more readily show martensite, as 
it does. 

8. In the gun steel there is no nickel to influence the critical point, 
and only the manganese, which in a carbon steel is not much anected 
by the amount present. ^ 

9. These facts have no particular bearing upon the erosion losses in 
the various ^teels in this series of experiments, but they have a very 
decided bearing upon the development of heat cracks in sinailar 
steels. If the same tubes were to be subjected to a second series of 
tests, the presence of the hard, brittle martensite would undoubtedly 
have a greater influence toward producing heat cracks than the soft, 
ductile sorbite. Thus the nickel steel might be expected to show 
greater development of heat cracks and peniaps greater erosion than 
the gun steel. 

10. These facts also have an important bearing on the theory of 
the development of heat cracks in general. It is believed by some 
that heat cracks are formed because of the formation of a hard surface 
layer, due to heating of a skin of the rifled surface to a temperature 
above the critical temperature, followed by the sudden cooling of the 
layer by the large body of metal back of it. If this were true, then 
such a gun in wmch heat cracks have developed should show the mar- 
tensite structure. In the examination of a considerable number of 
such steels no evidence of martensite has ever been found. In fact, 
troostite is never found. 

11. Therefore it is concluded that the development of heat cracks 
is due to the presence of a hard surface produced by cementation of 
the metal by the products of combustion of the powder and by work 
put upon the surface by the moving projectile. 
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Test No. 1302. 

REPORT OF STEEL ANALYSIS, WATERTOWN ARSENAL. 



Sample. 



ErofiioQ testy 12T2 amorphous 

Erosion test, 12T4 small-ann barrel 

Erosion test, 12 TGnickel steel, S-inoh R. F. G., 

170 

Erosion test, 12T8 gun steel A, hoop 5-inoh gun . 



C. 



10.320 
.607 

.500 
.563 



Mn. 



10.252 
.427 

.785 
.742 



Si. 



0.152 
.203 

.256 
.235 



S. 



0.018 
.020 

.018 
.023 



P. 



0.017 
.027 

.020 
.047 



NL 



2.26 
1.77 

1.65 



Chro- 
mium. 



1.62 
1.23 



BAR STOCK FOR SUBCALIBER GUNS. 
The chemical analysis showed the following composition: • 



Marks. 



Tube 256-1 

Jacket 256-1 

Tube 257-2 

Jacket 257-2 

XI. D, L«. .......... 

Gun body No. 125 
Gun body No. 126 



c. 


Mn. 


Si. 


S. 


r. 


Ni. 


0.38 


0.64 


0.210 


0.017 


0.031 


3.16 


.384 


.62 


.192 


.020 


.033 


3.19 


.390 


.58 


.188 


.020 


.035 


3.16 


.380 


.57 


.232 


.020 


.033 


3.17 


.39 


.77 


.178 


.017 


.020 


3.36 


.40 


.77 


.11 


.027 


.015 


1.35 


.39 


.77 


.11 


.027 


.016 


1.35 



The physical tests gave the following properties: 



Marks. 


Elastic 
limit. 


Tensile, 
strength. 


Elonga- 
tion. 


Contrac- 
tion. 


126G.B.... 
126G. B.... 


58,500 
67,500 


107,000 
105,500 


10.0 
14.0 


9.5 
16.9 



Seven specimens representing tube, jacket, and disk were polished 
and examined microscopically. The unetched specimens showed 
somewhat more than the average amount of inclosed slag, much of it 
being drawn through the material in lines in the direction of rolling. 

The etched specimens show a variety of structures which show that 
the material is far from uniform. Some of the specimens show a very 
marked striated or banded appearance, others show small-sized 
streaks with slag inclosures, and some a very coarse grain. The 
material as a whole is heterogeneous in character, and on tnis accoimt 
each piece would require its own particular heat treatment to produce 
the best results. 

The banded or striated structure, consisting of alternate layers of 
ferrite and pearUte, is shown in photographs 1,2, and 3, representing, 
respectivelv, specimens marked "256-1 jacket,*' "257-2 jacket,'' and 
" 257-2 tube.'^ Test pieces of such material, if cut radial or longi- 
tudinal, would show decidedlv different tests even after the material 
had been subjected to heat treatment. 

The lack of uniformity is further shown in photograph No. 4, which 
is taken from the edge of disk marked " 126 gun body." It snows a 
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granular structure with very decided slag streaks. Farther away 
om the edge the structure is decidedly coarse, as shown in photo- 
graph No. 6. 

The bar stock from the 3.8-in. howitzer is represented by photo- 
graph No. 6, which was taken from specimen marked "EL 6. L." 
This specimen has evidently been heat treated. It shows a uniform 
sorbitic structure 



PHOTOGRAPH NO. ( 
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TESTS MADE FOR PRIVATE PARTIES DURING THE FISCAL TEAR 

ENDED JUNE SO, 1913. 



Date. 



1912. 
July 9 
24 
25 
Aug. 5 
8 
10 
12 
14 
15 
15 
19 
21 
28 
28 
29 
S«pt. 4 
10 
11 
12 
12 
12 
17 
17 
18 
24 
4 
8 
9 
15 
18 
18 
19 
21 
21 
29 
30 
30 
Nov. 6 
6 
11 
14 
16 
26 
25 
3 
4 



Oct. 



Deo. 



5 

6 

17 

26 

1913. 

Jan. 3 
10 
15 
29 
30 

Feb. 13 
15 
19 
19 
24 
3 
6 
10 
17 
19 
19 
20 



Mar. 



Material. 



Concrete cylinders 
Ckmorete building blocks 

Steel 

Concrete cubes 

Concrete cylinders 

Concrete building block . 

Castinm 

Concrete cnbes 

....do 

Steel 

do 



Rubber belting 

Concrete building block . 

Concrete cube 

Concrete building block . 

Concrete cube 

do 

Swedish iron 

Concrete cubes 

Concretebuilding block. 

Buoy shackles 

Concrete cylinders 

Sash chain 

Concrete cube 

do 

....do 

Concrete cylinders 

C(mcrete cubes 

Welded channel 

Rubber belting 

Buoy shackles 

Bronze 

Columns 

Concrete cubes 

Welded dutnnel 

Concrete cylinders 

Oun-barrel steel 

Concrete cubes 

Hose coupling 

Steel 

Concrete cubes 

Manila rope 

Concrete cube 

Tiles 

Draft gears 

Stone cubes 



Concrete cylinders 

Columns 

Cast-iron E^elf supix)rts. 
Concrete blocks 



Concrete slabs 

Concrete cylinders 

Concrete building blocks 

Columns 

Steel 

Concrete cylinders 

Steel 

Column 

Cast iron 

Concrete building block . 

Welds 

Buoy shackles 

Concrete cubes 

Steel 

Concrete cubes 

Concrete building blocks 
Granite cube 



Name. 



Boston Transit Commission 

Columbia Concrete Co 

American & British Mfg. Co 

Boston Elevated Ry. Co 

Boston Transit Commission 

Gustavo RappoU. 

Davis <b Famum Mlg. Co 

Boston Elevated Ry. Co 

do 

A. & J. M. Anderson Mf^. Co 

H. H. Franklin Mfg. Co 

Revere Rubber Co 

Gustavo RappoU 

Boston Elevated Ry. Co 

Thomas O'Malley 

Boston Elevated Ry.Co 

do 

Dodge, Haley & Co 

Boston Elevated Ry. Co 

Thomas Bayliss & Son 

Fletcher & Crowell Co 

Boston Transit Commission 

The Bridgeport Chain Co 

Boston Elevated Ry. Co 

do 

do 

Boston Transit Commission 

Boston Elevated Ry. Co 

Board of Water Supply 

Revere Rubber Co 

Fletcher A Crowell Co 

The Portland Co 

W. C. Whittredee & Co 

Boston Elevated Ry. Co 

Board of Water Supply 

Boston Transit Commission 

The Marlin Firearms Co 

Boston Elevated Ry. Co 

Andrew J. Morse dc Son (Inc.) 

Erie Force Co 

Boston Elevated Ry. Co 

Tucker & Carter Rope Co 

Boston Elevated Ry. Co 

Ernest S. Yates 

Standard Coupler Co 

The North Carolina Granite Corpora- 
tk>n. 

Boston Transit Commission 

Louis Miller Co 

The Snead <b Co. Iron Works 

C. E. Lindsley Co 



Warren Bros. Laboratory 

Boston Transit Oommisston . . . . 

Thomas Allen 

Boston Bolt A Iron Co 

Gulick-Henderson Co 

Boston Transit Commission 

Detrick A Harvey Machine Co . 

Daniel Buckley 

Progress MfK. Co 

James S. Foley 

The Royer Wheel Co 

Fletcher A Crowell Co 

QeoTgiA Railway & Power Co. . 

H. H. Franklin Mfg. Co 

Dalton Power Co 

Theo. Kaitanowski 

French Creek Granite Co 



City and State. 



Boston, Mass. 
West Somerville, Mass. 
Providence, R. I. 
Boston, Mass. 

Do. 
East Boston, Mass. 
Waltham, Mass. 
Boston, Mass. 

Do. 
South Boston, Mass. 
Syracuse, N. r . 
Chelsea, Mass. 
East Boston, Mass. 
Boston, Mass. 
Clinton, Mass. 
Boston, Mass. 

Do. 

Do. 

Do. 
Everett, Mass. 
Portland, Me. 
Boston, Mass. 
Bridgeport, Coon. 
Boston, Mass. 

Do. 

Do. 

Do. 

Do. 
New York, N. Y. 
Chelsea, Mass. 
Portland, Me. 

Do. 
Jjyjm, Mass. 
Boston, Mass. 
New York, N.Y. 
Boston, Mass. 
New Haven, Conn. 
Boston, Mass. 

Do. 
Erie, Pa. 
Boston, Mass. 
New York, N.Y. 
Boston, Mass. 

Do. 
New York, N.Y. 
Mt. Airy, N. C. 

Boston, Mass. 
East Boston. Mass. 
Jersey City, N. J. 
Irvington, N. J. 



East Cambridge, 
Boston, Mass. 
Somervflle, Mass. 
Boston, Mass. 
Pittsbuigh, Pa. 
Boston, Mass. 
Baltimore, Md. 
Dorchester, Mass. 
Boston, Mass. 
North Cambridge, 
Aurora, Ind. 
Portland, Me. 
New York. N.Y. 
Syracuse, N. Y. 
l1tsda]e,Vt. 
Buibtio, N. Y. 
St. Peters, Pa. 
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TttU made far private poftiei during the fiscal year ended June SO, i9J5--GontiiMied. 




CtoionMculM... 

Out inn 

Wnnsbt lioD . . . 



Count* boiidliig Uooki 
Concnt* brick ftnil 
bal^ig block. 



S^iriV 



Piot. Albert SBuvanr... 



BaManE)avat«dB*,Co 

JotmA. BMblinj^BnitCo... 

BosidolWiCetSaf^r 

Frot. Alboi Sanveur. 

Boston EleyaMd B^. Co 

rabCarCo. WoftB.. . 



Bostcn Etovat«d Sy. Co. . 
Davta ft Famum lib. Co. , 
B.U. lODM&Co. (ttcj.. 



BrUgvpratClu 

IkPMBllg&P 

— ran Bro*. Labo.- 

Cacpeatw StMl Co .. 

The Lsocmtt C*T Co. Works .. . 



FlMoher & CrovalL. . . 



Hoale 

Piof. Albert Bauvanr. 

C^rfmnblan Bt^iaCo 

Flobiliet&CTaweUCo 

The LoMOiaCarCo. Works.. . 

Emnt8.Yate> 

UldTate Steel Co 

Ota. D. Burton 




INDEX. 



Analysis, chemical: l**g«- 

Bar stock for subcaliber giins 139 

Breech bushings from Watervliet Arsenal 58 

Specimens of gun steels after erosion tests 139 

Bolt material, tensile test of a round steel bar of 130 

Brass, tensile and bendingtests of seamless tube of 123 

Breechblocks for 4.7-inch Howitzer, model of 1912, tensile tests of 11 

Breech bushings: 

Cylindrical and conical, tests to determine relative efficiency of 53 

Square and V threads, tests to determine the relative efficiency of 59 

Bronze, tobin, tensile test of 123 

Cast-steel rings, tests of 69 

Chain, tensile tests of 119 

Columns, steel-built I, compressive tests of 51 

Comparison of testing machines, tensile tests of specimens for: 

Anderson Manufacturing Co. Works, Albert & J . M 110 

Carpenter Steel Co 112 

Detrick & Harvey Machine Co Ill 

Gulick-Henderson Co 110 

Isthmian Canal Commission 112 

Midvale Steel Co 113 

Roebling's Sons Co., John A Ill 

Cooling and heating curves of various grades of arsenal steels 75 

Cordage, tensile tests of: 

Lmen line, soft braided 116 

Manila rope 116 

Curves, heating and cooling, of various grades of arsenal steels 75 

Erosion tests, microscopic examination of gun steels subjected to 137 

E jcaminations, metallographic . (See ^letallographic examinations . ) 

Fastenings, rope, various methods used 101 

Friction and tube tests of 7-ply pneumatic hose 125 

Galvanized rings, tensile tests of 127 

Gun: 

Bar stock for subcaliber, chemical analysis of 139 

Trepanned rings from 12-inch, tests of 132 

Steels subjected to erosion tests, microscopic examination of 137 

Heating and cooling curves of various grades of arsenal steel 75 

Hose, 7-ply, pneumatic, tube and friction tests of 125 

Linen line, soft braided, tensile test of 116 

Manila rope, tensile tests of 116 

Metallographic examinations of — 

Bar stock for subcaliber guns ^ 139 

Model breech bushings 57 

Trepanned rings from 12-inch gun. 131 

Various steels subjected to erosion tests at Sandy Hook 137 

Model breech bushings: 

Cylindrical and conical, tests to determine the relative efficiency of 51 

Tests to determine the relative efficiency of square and V threads 59 

Pawl and rack, strength of teeth of 60 

Pneumatic hose, friction and tube tests of 7-ply 125 

Private tests ■ 141 

Rack and pawl, strenglii of teeth in 60 

Rings: 

Cast-steel, tests of 69 

Galvanized, tensile test of 127 

Trepanned, from 12-inch gun, tests of 131 

5994°— H. Doc. 404, 63-2 10 145 
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Rope: Pago- 
Manila, tensile tests of 116 

Steel wire, tensile tests of 117 

Tensile tests of various methods of securing 100 

Rubber, tensile tests of 121 

Square steel wire for winding guns, tensile tests of 91 

Steel-built I columns, compressive tests of 51 

Steel specimens for standardizing testing machines, tensile tests of 109 

SuDi'ected to erosion tests, microscopic examination of 137 

Tool, tests to determine the amoimt of distortion caused by hardening 81 

Wire rope, tensile tests of 117 

Subcaliber guns, bar stock for, chemical analysis of 139 

Teetii in rack and pawl, strength of 60 

Testing machines, comparison of, tensile tests for.*. 109 

Threads, square and V, in model breech bushings, tests to determine the rela- 
tive efficiency of 59 

Tobin bronze, tensile test of 124 

Tool steel, tests to determine the amoimt of distortion caused by hardening. . 81 

Trepanned rings from 12-inch gun, tests of 131 

Tube, seamless brass, tensile and bending tests of 123 

Tube and friction tests of 7-ply pneumatic hose 125 

Wire, square steel, for winding guns, tensile tests of 91 

Wire rope, tensile tests of 117 

o 
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